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Abstract 
 
Strawberries, known for their sweet flavour profile, are an important fresh food 
commodity worldwide. The strawberry plant (Fragaria) consists of at least twenty-
three Fragaria species, of which the modern cultivated strawberry F. x ananassa 
belongs. Strawberries can be classified into three cultivar types (Day-Neutral (DN), 
Short-Day (SD) and Everbearing plants) based on their response to photoperiod 
(daylight hours) and temperature. Within Australia, strawberries can be enjoyed 
all year round due to the diverse climates in different regions, however, only SD 
and DN commercial cultivars are grown in the Australian climate. The modern 
cultivated strawberry is adaptable to diverse environments, and therefore within 
this species strawberries are continually being cross bred to produce new and 
improved cultivars. 
 
The production of strawberries is increasing both worldwide and within Australia, 
the steady increase in production over time suggesting strawberries are in high 
demand, and their consumption rates are growing. A large portion of Australian-
grown strawberries are from US breeding stock, and when grown in a different 
climate to the one for which they have been bred, the flavour of the strawberry 
may be impacted. Consumers desire a more flavoursome strawberry cultivar, thus 
the development of an Australian cultivar, with an improved flavour profile to 
meet consumer needs, may see Australian breeders become more significant 
within the global strawberry industry. 
 
Strawberry flavour is a dynamic and complex combination of over 360 volatile 
components, as well as the non-volatile sugars and organic acids. The combination 
of these components is unique to different cultivars, and dependent upon 
maturation stage and environmental growing conditions. Given the environment 
is essential in determining the resultant flavour profile of individual strawberry 
cultivars, it is important to initially understand the flavour profiles of current 
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ii 
 
internationally-bred strawberry cultivars grown in Australia, as this will assist 
future breeding programs in developing a well-liked Australian cultivar. To 
facilitate the Australian breeding program in the development of a strawberry 
cultivar with the ideal flavour, sensory profiling tools may be applied to describe 
the strawberry flavour. 
 
Descriptive analysis (DA) methods are commonly applied in sensory science to 
objectively describe and quantify the sensory attributes of a product. Assessors 
undertaking these methodologies require a high level of training, and thus are 
time consuming and expensive. As such, recently developed rapid methods have 
been applied in sensory science to overcome the limitations of traditional DA 
methodologies. These rapid tools employ the consumer to describe the sensory 
profile of a product via three approaches; Napping with Ultra-Flash Profile (UFP), 
Check-All-That-Applies (CATA) and Temporal Dominance of Sensations (TDS). 
These methods do not involve extensive training, and therefore may prove a 
cheap and reliable alternative to traditional descriptive methodologies. Consumer 
acceptability testing is vital to understand whether a product will be accepted or 
rejected by the greater population. Upon collecting sensory profiling data and 
consumer acceptability ratings, preference mapping (PM) techniques are 
employed to establish the sensory attributes contributing to the acceptance or 
rejection of a product. These analyses will provide valuable insight, and enable an 
understanding into the flavour attributes of strawberries that drive product 
acceptance to aid in the development of a novel strawberry cultivar. 
 
The aim of this thesis was to identify the key flavour attributes driving liking in 
strawberries, to assist future breeding programs in ensuring newly developed 
cultivars express well-liked flavours, and meet consumer needs. A secondary aim 
of this thesis was to investigate recently developed methods in sensory science to 
understand their potential application in future work. The objectives were to: (i) 
establish a sensory lexicon to describe the differences between strawberries of 
varying cultivars at different maturation levels relevant to Australian strawberry 
cultivars; (ii) identify the flavours contributing to liking via the application of PM 
Abstract 
 
iii 
 
techniques to the descriptive profile and consumer preference data of commercial 
and newly bred strawberry cultivars; (iii) determine the suitability of Napping with 
UFP for a non-homogenous agricultural product, via the comparison with DA, as 
well as assess the importance of product training in Napping with UFP; (iv) 
determine the suitability of CATA for strawberries, and assess consumer aptitude 
in articulating attributes driving liking, via the comparison with DA; (v) compare 
the TDS methodology to traditional DA, to understand if these methods are able 
to complement one another in profiling strawberries of various cultivars at 
differing maturation stages. This thesis included five studies. 
 
 
Development of a strawberry lexicon 
 
*This abstract has been published in the Journal of Sensory Studies (2018) as 
‘Development of a strawberry lexicon to describe cultivars at two maturation 
stages’. 
 
The sensory profile of strawberries is documented as being influenced by cultivar, 
maturation stage and environment. Thus, internationally-bred strawberries 
grown in Australia will have a flavour profile adapted to the Australian 
environment. The objective of this research was to devise a strawberry lexicon 
relevant to the sensory characteristics of commercially available strawberries 
grown in Australia. A Quantitative Descriptive Analysis™ (QDA™) trained panel 
developed a lexicon consisting of two appearance, eight aroma, ten flavour and 
five textural/mouthfeel attributes to describe the strawberries. The panel 
subsequently applied the developed lexicon to describe the sensory attributes of 
six strawberry cultivars of two flowering types, grown in Australia and harvested 
at two different maturation stages. A principal component analysis (PCA) 
determined two dimensions of which the attributes explained 86% of the 
variance. There were significant differences identified between strawberries, 
attributable to flowering type, cultivar and maturation stage, validating the 
developed lexicon to discriminate strawberries.  
 
Abstract 
 
iv 
 
Identifying key flavours in strawberries driving liking 
 
*This abstract has been published in the Journal of Food Science (2018) as 
‘Identifying key flavors in strawberries driving liking via internal and external 
preference mapping’. 
 
Australian consumers desire the development of a more flavoursome Australian 
strawberry cultivar. To aid in the development of well-liked strawberries, the 
attributes driving liking need to be identified. The objective of this research was 
to apply preference mapping (PM) techniques to the descriptive profile of 
commercial and newly-bred strawberry cultivars, together with consumer 
preference data to determine the flavours contributing to liking. A trained sensory 
panel (n=12) used Quantitative Descriptive Analysis™ (QDA™) methodology to 
evaluate two appearance, seven aroma, five texture, ten flavour and ten 
aftertaste attributes of three commercial strawberry cultivars and six elite 
breeding lines grown in Victoria, Australia. Strawberry consumers (n=150) 
assessed their liking of the same strawberry cultivars. QDA™ significantly 
discriminated strawberries on 28 of the 34 sensory attributes. There were 
significant differences in hedonic ratings of strawberries (F(8,714) = 11.5, p = 
0.0001), with hierarchical cluster analysis (HCA) identifying three consumer 
clusters each displaying differing patterns of preference. Internal and external PM 
techniques were applied to the data to identify the attributes driving consumer 
acceptability. Sweet, berry, caramel, fruity and floral attributes were identified as 
most contributing to liking. Sour, citrus, green, astringent, firm and gritty 
attributes were conversely associated with a reduction in consumer liking. Elite 
Lines 2 and 6 have been identified as having the broadest appeal, satisfying 
between 60 and 70% of consumers in the population assessed, thus the 
introduction of these cultivars should satisfy the largest group of consumers in the 
Australian market. 
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A comparison of Napping to descriptive analysis with and 
without product training 
 
*This abstract has been published in the Journal of Sensory Studies (2018) as 
‘Comparison of Quantitative Descriptive Analysis (QDA™) to the Napping 
methodology with and without product training’. 
 
Napping has recently been gaining popularity as a rapid descriptive profiling 
method, primarily for the reduction in cost and time when compared with 
traditional descriptive analysis (DA). Questions remain regarding the accuracy of 
data from untrained consumers and how this differs from data generated from a 
trained DA panel. The aim of this research was to compare the results obtained 
from a DA strawberry-trained panel with untrained consumers applying the 
Napping methodology combined with Ultra-Flash Profile (UFP). Six strawberry 
samples (three duplicate cultivars) were assessed. Untrained consumers (n=131) 
used Napping to separate strawberries based on their similarities and differences. 
Trained panellists (n=12, minimum 60 hours training) applied DA and Napping to 
on two separate occasions. Results revealed Napping with UFP to produce product 
configurations comparable to DA (RV coefficients of 0.936 and 0.898 between DA 
and Napping via a trained panel, and a consumer panel respectively), with similar 
descriptive terms to describe products. With a reduction in the number of 
consumers applying the Napping with UFP however, the similarity between 
methodologies declined. Furthermore, a lack of common understanding of 
attribute definitions limited its application. Therefore, Napping with UFP applied 
by a larger pool of assessors has been deemed an appropriate alternative to DA 
when time is limited. 
 
 
  
Abstract 
 
vi 
 
Check-All-That-Applies (CATA) as an alternative to descriptive 
analysis to identify key flavours in strawberries driving liking 
 
*This abstract has been published in the Journal of Sensory Studies (2018) as 
‘Check-All-That-Applies (CATA) as an alternative for Descriptive Analysis to 
establish flavors driving liking in strawberries’. 
 
Check-All-That-Apply (CATA) is a rapid sensory profiling tool that can be applied 
by consumers, saving companies time and money in comparison to descriptive 
analysis (DA), and providing insight into the consumer. Limited research has 
validated CATA against DA in strawberries, and subsequently compared the 
sensory attributes driving liking. The aim of this research was to compare the 
results obtained from DA to those established via CATA using untrained 
consumers, and to assess any differences in attributes identified to drive liking. 
Trained panellists (n=12, minimum 60 hours each panellist) and untrained 
consumers (n=131) were provided with six strawberry samples (three duplicate 
cultivars). The trained panel applied DA techniques to profile each strawberry 
cultivar and the untrained consumer panel used CATA to select all attributes 
applying to each sample. A second untrained consumer panel (n=139) rated their 
liking of the same sample set on a HgLMS. Results revealed CATA produced 
moderately comparable product configurations to DA (RV coefficient = 0.760), 
with similarities in descriptors associated with liking. This research has established 
CATA as a time and cost-efficient alternative for the DA methodology, however, 
when precise definitions and subsequent quantification of the sensory attributes 
of products are required, DA is a more robust and reliable evaluation tool. 
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A comparison of Temporal Dominance of Sensations (TDS) 
and descriptive analysis to identify flavours in strawberries 
 
*This abstract has been published in the Journal of Food Science (2018) as ‘A 
comparison of Temporal Dominance of Sensation (TDS) and Quantitative 
Descriptive Analysis (QDA™) to identify flavors in strawberries’. 
 
Temporal Dominance of Sensations (TDS) is a rapid descriptive method that offers 
a different magnitude of information to traditional descriptive analysis (DA) 
methodologies. This methodology considers the dynamic nature of eating, 
assessing sensory perception of foods as they change throughout the eating 
event. Limited research has applied the TDS methodology to strawberries, and 
subsequently validated the results against descriptive analysis (DA). The aim of 
this research was to compare the TDS methodology using an untrained consumer 
panel to the results obtained via DA with a trained sensory panel. The trained 
panellists (n=12, minimum 60 hours each panellist) were provided with six 
strawberry samples (three cultivars at two maturation levels) and applied DA 
techniques to profile each strawberry sample. Untrained consumers (n=103) were 
provided with six strawberry samples (three cultivars at two maturation levels) 
and required to use TDS methodology to assess the dominant sensations for each 
sample as they changed over time. Results revealed moderately comparable 
product configurations produced via TDS in comparison to DA (RV coefficient = 
0.559), as well as similar application of the sweet attribute (correlation coefficient 
of 0.895 at first bite). The TDS methodology, however, was not in agreement with 
the DA methodology regarding more complex flavour terms. These findings 
support the notion that the lack of training on the definition of terms, together 
with the limitations of the methodology to ignore all attributes other than those 
dominant, provide a different magnitude of information than the DA 
methodology. 
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1 Chapter One: Review of the literature 
 
1.1 Introduction 
 
Strawberries are an important worldwide food commodity, in both fresh and 
processed form (Food and Agriculture Organization of the United Nations, 2017). 
It is not surprising then that they are one of the most studied berries in terms of 
agriculture, genomics and nutrition (Giampieri et al., 2013). Strawberries are a 
seasonal fruit, and as such consumption rates fluctuate throughout the year 
(Riederer, Pearson, & Lu, 2011). The strawberry plant (Fragaria) belongs to the 
family Rosaceae (Rose) of which the peach, apple and other berry fruits also 
belong (Folta & Davis, 2006). At least twenty-three Fragaria species have been 
identified originating in different parts of the world (Folta & Davis, 2006). In the 
1500’s strawberries were established as a common garden fruit (Darrow, 1966), 
and in Europe were first bred from the simple structured F. vesca species (Folta & 
Davis, 2006). F. vesca, the wild strawberry species, is described as having fragrant 
small fruits (Hancock & Luby, 1993). The chance hybridisation between two wild 
species F. virginiana and F. chiloenis, in a European garden in the 18th Century, 
produced today’s most abundantly cultivated species F. x ananassa (Hancock & 
Luby, 1993). The structure of this species is of a higher complexity than F. vesca, 
and differs greatly in flavour, aroma and size to the wild strawberry species 
(Hancock & Luby, 1993). The modern cultivated strawberry is adaptable to diverse 
environments, hence its wide distribution, and with the large size and high yield 
of fruit, the complex structure is said to be largely responsible for the success of 
the modern cultivated strawberry (Folta, Denoyes-Rothan, Rousseau-Gueutin, & 
Stewart, 2011). Today within this species, strawberries are continually being cross-
bred to produce new and improved cultivars.  
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1.2 Strawberry genus and family history 
 
The strawberry plant (Fragaria) was believed to have originated thousands of 
years ago (Darrow, 1966). However, strawberry farming did not begin until more 
recently due to a lack of demand until this time, and as such the plant did not 
evolve for many years (Stewart, 2011). Strawberry species have evolved from a 
simple structure, diploid, to more complex structures, tetraploid, hexaploid and 
octoploid (Figure 1.1).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.1 The different ploidy levels of chromosomes.  
Octoploid (8N = 56 chromosomes) 
Haploid (N = 7 chromosomes) Diploid (2N = 14 chromosomes) 
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The ploidy of a species refers to the number of sets of chromosomes of the fruit. 
The diploid species (14 chromosomes), including wild strawberries such as F. 
vesca, differ greatly in flavour, aroma and size to the modern cultivated 
strawberries of a more complex structure (Aharoni et al., 2004). The cultivated 
strawberries of a higher ploidy level are generally larger in size and yield more fruit 
than those fruits produced in the wild with lower ploidy levels. Today the 
cultivated strawberries, F. x ananassa, are octoploid (56 chromosomes), and this 
higher ploidy level is said to be largely responsible for the success of the modern 
cultivated commercial strawberry (Folta et al., 2011). 
 
Within the F. x ananassa species, strawberries can be classified into three unique 
cultivar types based on their photoperiod and temperature response. Daylight 
hours (photoperiod) and air temperature greatly influence commercially grown 
types of strawberry plants. The Short-Day (SD) cultivars flower when the daylight 
hours are short (less than 14 hours), the Long-Day (LD), or Everbearing plants, 
flower when the days are long (greater than 12 hours) (Darrow, 1936), and Day-
Neutral (DN) plants flower irrespective of the photoperiod. In general flowering is 
inhibited in both SD and DN plants when temperatures exceed 28˚C, however DN 
plants generally flower with ideal air temperatures up to a critical level of 25˚C 
(Chandler, Folta, Dale, Whitaker, & Herrington, 2012).   
 
Due to the diverse climates in different parts of Australia, strawberries are able to 
be enjoyed all year round. In the cooler climates of Victoria, South Australia and 
Tasmania, strawberries are harvested through the Summer and Autumn periods, 
whilst the warmer Queensland and Western Australian climates allow the harvest 
of strawberries during Winter and Spring. SD and DN cultivars are the two 
commercial plant flowering types grown in Australia. In the cooler climate of 
Victoria, SD plants generally flower in Spring to early Summer, and DN plants 
generally flower form Spring to early Autumn. Current commercial SD cultivars 
grown in Australia include F. ananassa cv. Camino Real and cv. Palomar, whilst 
some DN cultivars grown in Australia are F. ananassa cv. Albion, cv. Melba, cv. 
Chapter One: Review of the literature 
 
 
4 
 
Portola and cv. San Andreas (see figure 1.2 for the strawberry family tree). As 
there is much variation between different cultivars, current breeding programs 
are continually focussed on the improvement of strawberry cultivars within the F. 
x ananassa species (Aday & Caner, 2013; Azodanlou, Darbellay, Luisier, Villettaz, 
& Amadò, 2003; Horticulture Australia Limited & Strawberry Industry Advisory 
Committee, 2011; Morrison & Herrington, 2002). 
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  Figure 1.2 The strawberry family tree. 
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1.3 Strawberry production 
1.3.1 Strawberry development 
 
 
 
Figure 1.3 a. Strawberry crops in matted rows, and b. a single strawberry crop (strawberry images 
photographed at Wandin North Breeding Farm, Melbourne) 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.4 The stages of strawberry development; a. flower, b. bud, c. green, and d. red 
(strawberry images photographed at Wandin North Breeding Farm, Melbourne) 
 
  
a b
c d 
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Commercially grown strawberries in Victoria, Australia are grown in rows of raised 
beds of crops generally covered in black plastic sheeting (Figure 1.3). After 
planting, strawberries generally flower in early spring, with DN cultivars 
continuing to produce strawberries late into the season. Flowers develop into the 
edible fleshy portion of the fruit, termed the enlarged receptacle. The numerous 
seeds, or achenes, are visible on the outer surface of the strawberry. As 
strawberries develop, they mature from flowers, to flower buds, to the green-
white stage of development, to completely red fruit (Figure 1.4). With fruit 
development, the size and colour of the strawberry is altered, together with a 
change in the composition of volatile and non-volatile components. 
 
 
1.3.2 Strawberry production and consumption 
 
The production of strawberries worldwide in 2014 was reported at greater than 
eight million metric tonnes (Food and Agriculture Organization of the United 
Nations, 2008). California has previously been responsible for approximately one 
quarter of the world’s strawberry supply (National Agricultural Statistics Service, 
2007), however, China is now the leading producer of strawberries worldwide 
(Food and Agriculture Organization of the United Nations, 2017). Australia, ranked 
26th in the world for the production of strawberries, is currently a minor player in 
the strawberry industry (Food and Agriculture Organization of the United Nations, 
2017) (Figure 1.5). Although Australia is still well behind in terms of production, it 
was reported that there was a 40% increase in strawberry production in Australia 
over the ten-year period prior to 2014 (Food and Agriculture Organization of the 
United Nations, 2017) (Figure 1.6). This steady increase in production over time 
suggests that strawberries are in high demand, and their consumption rates are 
growing. 
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Figure 1.5 Australian production of strawberries in comparison to worldwide production (Food 
and Agriculture Organization of the United Nations, 2017). 
 
 
 
 
 
 
Figure 1.6 Australian production of strawberries over a ten-year period (Food and Agriculture 
Organization of the United Nations, 2017). 
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In the most recent available data, 24 tonnes of fresh strawberry crops were 
imported into Australia in 2013 (Food and Agriculture Organization of the United 
Nations, 2017). Currently, Australia grows a combination of Australian and 
internationally-bred cultivars (Horticulture Australia Limited, 2012). A large 
portion of strawberries grown in Australia are from US breeding stock, however 
when grown in a differing climate under vastly different environmental 
conditions, the flavour of the strawberry may be impacted. With the development 
of Australian-bred cultivars with improved flavour attributes, perhaps there is an 
opportunity for Australian breeders to become larger and more significant players 
in the global strawberry production market. 
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1.4 Strawberry flavour 
 
Research indicates strawberry flavour is a dynamic and complex combination of 
hundreds of chemicals with sweet, fruity, floral, green, peach, citrus and caramel 
attributes dominating (Raab et al., 2006). The flavour of strawberry fruit, 
comprising of the perceptual integration between taste, retronasal olfaction and 
oro-nasal somatosensations (chemical irritation, temperature and pain) (Figure 
1.7), is characterised by the complex interactions between volatile and non-
volatile components. Over 360 volatiles have been identified in ripened 
strawberry fruit (Aubert, Baumann, & Arguel, 2005) together with the non-volatile 
sugars and organic acids essential to the flavour of the strawberry (Azodanlou et 
al., 2003). Esters, alcohols, furanones, ketones, terpenes, aldehydes and sulfur 
compounds are the key classes of volatiles present in strawberries (Dirinck, 
Depooter, Willaert, & Schamp, 1981), the combination unique to different 
cultivars. However, this combination of chemicals is also dependent upon the 
maturation stage and environmental growing conditions. It is the unique 
combination of these volatile components, together with the non-volatile sugars 
and organic acids, that contribute to the characteristic flavour of strawberry fruit. 
When integrated into the food matrix, these volatile and non-volatile components 
do not interact in a uniform manner, and it is the complex interactions between 
these components that will determine the overall perceived flavour of the 
strawberry. 
 
Figure 1.7 Interactions between taste, olfaction and oro-nasal somatosensations. 
Olfaction
Oro-nasal 
somatosensations
Taste
Flavour 
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1.4.1 Differences in strawberry flavour dependent upon cultivar 
 
The composition of chemicals within the strawberry is largely dependent upon 
cultivar. Sugars and organic acid contents have been reported to vary between 
cultivars, together with the composition of many volatile components. Not all 
volatiles that have been identified in strawberries are present in each cultivar, and 
it is the unique combination of these components that allows each cultivar to be 
distinguished. 
 
Esters are the largest group of volatiles in strawberries, and as such are often 
documented as some of the most important volatile components in strawberry 
fruit. These components provide the strawberry with their characteristic fruity 
and floral aromas (Beekwilder et al., 2004; Jetti, Yang, Kurnianta, Finn, & Qian, 
2007; Scheiberle & Hofmann, 1997). As esters vary depending on the strawberry 
cultivar, they may be the key components that distinguish the flavour of different 
strawberry cultivars (Dong, Zhang, Tang, Jin, & Han, 2013). Furanones, 
contributing to the caramel notes evident in strawberry fruit (Larsen & Poll, 1992), 
also greatly vary between cultivars (Larsen & Poll, 1992; Pérez, Olías, Sanz, & Olías, 
1996; Sanz, Perez, & Richardson, 1994). These components are often reported as 
some of the key volatiles that give strawberries their characteristic ‘strawberry’ 
aroma (Latrasse, 1991). Lactones additionally contribute to the differences noted 
in flavour between cultivars, and are documented as contributing to the peach 
aroma in strawberry fruit (Latrasse, 1991). Cultivar has been shown to play a key 
role in shaping the differences in strawberry flavour, however, not all variation in 
strawberry flavour is due to cultivar differences. 
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1.4.2 Differences in strawberry flavour dependent upon maturation stage 
 
The stage of ripening further influences the sensory properties of strawberries. 
Sugar development, acidity level, volatile components, colour and fruit firmness 
are affected by the maturation stage of the fruit. As the strawberry progresses 
from the green stage to the pink stage of development, the total soluble solid 
content of strawberries increases (Spayd and Morris 1981). In particular, the 
concentration of total sugar, fructose, glucose and sucrose contents increase 
(Kafkas, Koşar, Paydaş, Kafkas, & Başer, 2007), whilst the titratable acidity 
gradually declines (Hancock, Sjulin, & Lobos, 2008; Vandendriessche et al., 2013). 
 
The volatile components in strawberries contribute to the complex strawberry 
aroma and flavour, and with ripening, there are distinct changes in these 
constituents. The esters in strawberry fruit have been documented as being 
influenced by the maturation stage of the fruit, with methyl and ethyl esters the 
most important during the ripening process (Beekwilder et al., 2004; Perez, Rios, 
Sanz, & Olias, 1992). Aldehydes and alcohols contribute to the green notes in 
under-ripe strawberries, and as such may be most important during the 
strawberry ripening process (Dirinck et al., 1981). Sulfur compounds are also 
important during ripening, these components contributing to the rotten or off-
odours noted in overripe strawberries (Dirinck et al., 1981; Du, Whitaker, & 
Rouseff, 2012; Forney, Kalt, & Jordan, 2000; Larsen & Watkins, 1995). Terpenes 
are further influenced by the maturation stage of strawberry fruit (Jouquand, 
Chandler, Plotto, & Goodner, 2008), and contribute to the strawberries fruity, 
floral and citrus aroma (Azodanlou et al., 2003). 
 
As strawberries mature, they progress from the green stage of development to 
fully ripened red fruit. This red colour development in strawberry fruit can be 
attributed to an increase in anthocyanin concentration that occurs with 
maturation (Aaby et al 2012). Strawberries ripen rapidly, and as they mature the 
fruit continues to soften (Perkins-Veazie 1995) (de Jesus Ornelas-Paz et al 2011). 
As they are a non-climacteric fruit (White, 2002) they are therefore able to 
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continue ripening without ethylene synthesis (Giovannoni, 2004). However, upon 
harvest from the plant, the ripening ceases (Perkins-Veazie 1995). It is therefore 
crucial that the strawberry is harvested at precisely the right time so that the fruit 
is firm enough for handling and transport, however ripe enough for the ideal 
flavour development.  
 
 
1.4.3 Differences in strawberry flavour dependent upon the environment 
 
Both the genetic make-up and maturation stage of different strawberry cultivars 
influences the quality and flavour of the fruit; however, environmental factors also 
contribute to the variation in flavour and quality within a cultivar (Himelrick and 
Galletta, 1990). Air and soil temperatures, wind velocity, solar radiation and 
irrigation practices have all been shown to impact the flavour and quality of 
strawberry fruit. The sugar development contributes to the sweetness of 
strawberries, and may be affected by daytime air temperature, and wind speed 
and direction, with higher daytime air temperatures and wind velocity producing 
lower sugar contents (Davik, Bakken, Holte, & Blomhoff, 2006).  
 
Strawberry phenolic compounds house flavonoids which include the 
anthocyanins, ellagitannins, ellagic acid conjugates and cinnamic acid conjugates 
(Aaby, Mazur, Nes, & Skrede, 2012). This group of compounds contributes to the 
red colour of ripe strawberry fruit. Air and soil temperatures, and solar radiation 
influence the composition of these strawberry phenolics (Josuttis, Dietrich, Patz, 
& Kruger, 2011; Samykanno, Pang, & Marriott, 2013b), with solar radiation 
producing advanced colour development, coupled with an increase in 
anthocyanin and flavonoid composition (Tsormpatsidis et al., 2011). Irrigation 
practices have also been demonstrated as affecting the yield, size and firmness of 
strawberries (Kruger, Toldam-Anderson, & Dietrich, 2009). 
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There is evidence to suggest that the environment and harvest date affects the 
development of a number of volatile components in strawberry fruit (Samykanno, 
Pang, & Marriott, 2013a). In particular, the environment has been documented as 
influencing the development of terpenes (Jouquand et al., 2008), esters, 
furanones and alcohols (Samykanno et al., 2013a). Given the complexity of the 
individual strawberry components, and the unique combinations of these 
components dependent upon cultivar, maturation stage and environmental 
influence, it is important to better understand this complexity, and the influence 
of these factors on strawberry flavour. 
 
 
1.4.4 The importance of breeding a strawberry cultivar for the environment 
 
Recent research indicates that the Californian strawberry cultivar, Albion, differs 
in both chemical composition and perceived flavour when grown in an Australian 
environment as opposed to the climate this strawberry cultivar was bred for 
(Ornelas-Paz et al., 2013). This demonstrates the important role that the 
environment plays in potentially altering the flavour of strawberry cultivars that 
are not bred for the environment where they are ultimately grown. 
 
The most recent Australian Strawberry Industry's Priorities 2009-2013 include a 
focus on consumer demands and preferences for high quality, flavoursome fruit 
(Horticulture Australia Limited, 2012). It would therefore appear logical to develop 
an Australian strawberry cultivar expressing well-liked flavours to satisfy 
consumer needs. Currently research and breeding programs appear to be 
predominantly focused on improving the appearance, storage and increased yield 
of strawberries with a limited focus on improving flavour attributes (Aday & Caner, 
2013; Azodanlou et al., 2003; Horticulture Australia Limited & Strawberry Industry 
Advisory Committee, 2011; Morrison & Herrington, 2002). Given that the 
environment plays a key role in determining the resultant flavour profile of 
individual strawberry cultivars, it is important to understand the flavour profiles 
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of current internationally-bred strawberry cultivars grown in an Australian 
environment. This will assist future Australian breeding programs develop a well-
liked Australian cultivar. To facilitate the Australian breeding program to produce 
a strawberry with the ideal flavours, the identification of strawberry flavour 
attributes is initially required in commercial cultivars so that those flavours can be 
applied to novel cultivars. 
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1.5 Methods used in sensory evaluation for profiling flavour, 
liking and preference 
 
The most valuable instrument in product research and development in the food, 
fragrance and cosmetic industries is the inclusion of a trained sensory panel 
(Meilgaard et al., 1999). A trained panel is a group of assessors that possess a high 
level of sensory acuity and ability to articulate sensory attributes of products. The 
training process requires the development and alignment of a common 
descriptive language and subsequent calibration to quantify attributes using 
scales in a uniform manner (Varela & Ares, 2012). A properly trained sensory panel 
will ensure that panellists are calibrated to the scales used as well as the product 
to be assessed. Trained panels are commonly used to evaluate foods, and have 
been widely used in research evaluating the sensory properties of fruits and 
vegetables (Baiano, Terracone, Peri, & Romaniello, 2012; Carbonell, Izquierdo, & 
Carbonell, 2007; Crisosto, Crisosto, Echeverria, & Puy, 2006; Jaworska, Sady, 
Grega, Bernaś, & Pogoń, 2011; Latocha, Jankowski, & Radzanowska, 2011; López-
Nicolás, Andreu-Sevilla, Carbonell-Barrachina, & García-Carmona, 2009; Miyazaki, 
Plotto, Baldwin, Reyes-De-Corcuera, & Gmitter, 2012; Pérez, Toledano, & 
Lafuente, 2007; Plotto et al., 2010; Sandell et al., 2009; Talavera-Bianchi, 
Chambers, Carey, & Chambers, 2010). In particular, trained sensory panels have 
been used to objectively identify and quantify sensory attributes of strawberries 
(Ares, Barrios, Lareo, & Lema, 2009; Gunness et al., 2009; Jetti et al., 2007; 
Schulbach et al., 2004). Quantitative Descriptive Analysis™ (QDA™) is a traditional 
approach applied to evaluate the sensory characteristics of food products 
(Meilgaard et al., 1999). This method is highly relevant when precise definitions of 
the differences between sensory products are required (see figure 1.8 for details 
on the QDA™ methodology process). 
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Figure 1.8 Process of QDA™, from the screening to evaluation stage. 
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set
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QDA™ and other descriptive methods are time consuming and costly procedures 
requiring experienced staff to accurately train panellists (Varela & Ares, 2012). 
Therefore, methods have been developed that are described as ‘rapid’ to replace 
these traditional techniques. Napping, Check-All-That-Applies (CATA) and 
Temporal Dominance of Sensations (TDS) are three recently adapted sensory 
approaches used in the evaluation of food products (Ares & Jaeger, 2013; Di 
Monaco, Su, Masi, & Cavella, 2014; Dooley, Lee, & Meullenet, 2010; Pagès, 2005; 
Pagès, Cadoret, & Lè, 2010; Pineau & Schilch, 2015; Risvik, McEwan, Colwill, 
Rogers, & Lyon, 1994). These methods do not require the same extent of extensive 
training as traditional DA methodologies, and as such can be used by experts or 
consumers for an initial analysis. These methods may be complementary to the 
traditional QDA™ method, and perhaps when combined may prove to be a cheap 
and reliable alternative to the traditional QDA™ method to identify key attributes 
in strawberry fruit cultivars. 
 
 
1.5.1 Descriptive analysis 
 
Descriptive analysis (DA) practices are used widely in the food industry in product 
research and development to objectively describe product attributes, and guide 
product development towards meeting consumer demands (Lawless & Heymann, 
2010). Panellists are trained to objectively identify and quantify key attributes of 
products in terms of appearance, aroma, taste, texture and aftertaste. A trained 
panel is initially calibrated to perform in the same way through an intense training 
period (Varela & Ares, 2012). Panellists must possess a good level of taste and 
aroma acuity, and thus prior to training, panel members are first selected through 
a screening process. To identify suitable candidates, approximately 2-3 times as 
many panellists required generally undergo screening (Murray, Delahunty, & 
Baxter, 2001). 
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One such DA method that was developed in the 1970’s is QDA™ (Stone, Sidel, 
Oliver, Woolsey, & Singleton, 1974). QDA™ is applied to evaluate the sensory 
characteristics of food products. This requires training in the development of a 
common descriptive language to accurately describe attributes through exposure 
and familiarisation to the product of interest (Meilgaard et al., 1999; Murray et 
al., 2001). Panel members are chosen for QDA™ if they are consumers of the 
product as they are thought to be better discriminators of similar products 
(Murray et al., 2001). Each panellist is exposed to the same stimuli and trained, 
thus calibrated, to use scales and identify attributes (Munoz & Civille, 1998). The 
panel is specialised to evaluate a particular product, thus maximising the chance 
for detailed, consistent and reproducible results (Varela & Ares, 2012). This 
technique is an extremely relevant practice to objectively describe and quantify 
flavour attributes of strawberry fruit. 
 
These methods have been applied in previous research to understand the sensory 
characteristics of strawberries (see table 1.1 for summary). Numerous studies 
have employed trained panels to devise a strawberry lexicon to understand the 
sensory differences between cultivars (Bursac et al., 2007; Jetti et al., 2007; 
Péneau, Brockhoff, Escher, & Nuessli, 2007; Rosenfeld & Nes, 2000). Research out 
of Croatia, Norway and Switzerland applied these descriptive methods to 
determine freshness and suitability of various strawberry cultivars for processing 
(Bursac et al., 2007; Péneau et al., 2007; Rosenfeld & Nes, 2000). DA has further 
been applied to identify the quality attributes linked to preference and purchase 
intent in strawberries of various maturation levels (Ares et al., 2009). Moreover, 
research out of the United States of America, Australia and Germany have 
correlated the aroma and flavour attributes of strawberries to the relevant 
chemical compounds (Gunness et al., 2009; Jetti et al., 2007; Ulrich, Hoberg, Rapp, 
& Kecke, 1997). These methods are therefore applicable when describing various 
strawberry cultivars of differing maturation levels. 
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Table 1.1 Studies applying descriptive analysis to describe the sensory attributes of strawberries 
Reference Aim Method Products Sensory attributes Panel Experience / Training Lexicon development Lexicon 
(Ares et al., 
2009) 
Developing a 
sensory quality index 
for appearance and 
odour of 
strawberries based 
on consumer 
perception. 
General 
Descriptive 
Analysis 
6 samples of 
strawberries at 
different ripening 
levels from 
Montevideo, 
Uruguay 
Appearance 
Aroma 
 
7 trained 
assessors, 6 
female, 1 male, 
aged 24 – 45 
Minimum of 100 hours experience 
of discrimination and descriptive 
tests, minimum 20 hours in the 
evaluation of strawberries. 
Screened and trained using ISO 
methodology. 
Panel members described 
the differences between 5 
samples of strawberries 
provided, followed by 
consensus. 
Off-odour, 
Strawberry odour, 
Red colour, 
Gloss, 
Dark bruises, 
Surface evenness, 
Browning on sepals 
(Bursac et al., 
2007) 
Profiling the sensory 
characteristics of 
fresh fruit and their 
purees in two 
strawberry cultivars 
Quantitative 
Descriptive 
Analysis 
The fruit and purees 
of 2 strawberry 
cultivars organically 
and conventionally 
grown in Croatia – 
Maya and Queen 
Elisa 
Colour 
Appearance 
Aroma 
Flavour 
Taste 
Texture 
 
10 – 15 panel 
members aged 
22 - 45 
Methods performed according 
to methods described in ISO 6564, 
ISO 8587 and 
ISO 11036 (in a sensory laboratory 
equipped according 
to ISO 8589) 
Lexicon based on previous 
lexicon used for fresh 
fruits and jam in the same 
laboratory. 
Colour intensity 
Fruity 
Flowery 
Greeny 
Earthy 
Off flavour 
Odour intensity 
Off odour 
Sour 
Sweet 
Harmonic 
Firmness 
Floury 
Aqueous 
(Du et al., 
2011) 
Profiling the sensory 
characteristics of 
strawberries and 
correlating them to 
instrumental data 
General 
Descriptive 
Analysis 
Strawberry Festival 
and Florida 
Radiance cultivars 
from University of 
Florida Gulf Coast 
Research and 
Education Centre, 
Wimauma, Florida 
Flavour 
Texture 
14 trained 
panellists aged 
25 to 65 
Unspecified Unspecified 
 
Firmness 
Sweetness 
Sourness 
Astringency 
Strawberry flavour 
Green flavour 
Fermented/overripe flavour 
 
  
 
 
 
Chapter One: Review of the literature 
 
 
21 
 
(Gunness et al., 
2009) 
Comparing sensory 
analysis of 
strawberries with 
instrumental 
analysis 
Quantitative 
Descriptive 
Analysis 
Albion strawberry 
cultivar grown in 
Queensland, 
Australia 
Aroma 
Flavour 
Texture 
Aftertaste 
Panel of ten 
assessors, post 
graduate 
students in 
Queensland 
No previous experience; Sensory 
panel screening and training 
according to set ISO sensory 
standards 8586-1, 1993. 
Brainstorming and round-
table consensus of 
descriptive language 
Fruity 
Grassy 
Odour intensity 
Sweet 
Sour 
Bitter 
Fermented flavour 
Flavour intensity 
Aftertaste intensity 
Firmness 
Juiciness 
Seediness 
Fibrous 
(Han, Lederer, 
McDaniel, & 
Zhao, 2005) 
Evaluation of a 
chitosan coating on 
strawberries 
Free choice 
profiling/trained 
panel 
Diamante 
strawberry cultivar 
grown in California, 
USA 
Appearance 
Flavour 
Texture 
Seven 
panellists, 6 
females and 1 
male, aged 18 – 
50 
Untrained NA 
Glossiness 
Shrivelled 
Dryness 
Damaged 
Waxy-and-white 
Crispness 
Firmness 
Juiciness 
Overall strawberry 
Fresh strawberry 
Sour 
Sweet 
Astringency (mouth drying) 
Strawberry jam 
Old strawberry 
(Jetti et al., 
2007) 
Understanding the 
flavour difference 
for different 
Strawberry cultivars 
targeted for fresh 
market versus for 
processing. 
Quantitative 
flavour profiling 
10 strawberry 
cultivars grown in 
California and 
Oregon 
Flavour 
10 experienced 
panellists, 5 
men and 5 
women aged 21 
– 43 
Experienced panellists; 6 1-h 
training sessions and six 1-h 
testing sessions were conducted 
 
A combination of terms 
selected from previous 
research and new terms 
developed with test 
samples provided in 
training 
Floral, 
Caramel 
Pineapple 
Peach 
Banana 
Green 
Musty 
Waxy 
Sulfur 
Citrus 
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(Péneau et al., 
2007) 
Determining sensory 
attributes 
influencing 
consumer 
perception of the 
freshness of 
strawberries that 
varied in cultivar and 
storage conditions. 
General 
Descriptive 
Analysis 
3 strawberry 
cultivars grown in 
Switzerland 
Appearance 
Aroma 
Flavour 
Texture 
12 panellists 
from the 
Institute of 
Food Science in 
Zurich 
Not previously experienced; 
Trained over a 4-week period in 
the attributes provided 
Developed by an expert 
panel (not panel tested) 
with different 
cultivars at various stages 
of maturity 
Withered sepals 
Colour 
Shiny 
Bruises 
Strawberry odour 
Fermentation odour 
Firmness (hand) 
Firmness (mouth) 
Spongy 
Juicy 
Sweet 
Sour 
Strawberry flavour 
Fermentation flavour 
(Rosenfeld & 
Nes, 2000) 
Characterising and 
comparing the 
sensory 
quality of different 
strawberry cultivars 
and different types 
of jam. 
Quantitative 
Descriptive 
Analysis 
14 strawberry 
cultivars grown in 
Oslo, Norway 
Colour 
Flavour 
Texture 
7-9 member 
trained panel 
Performed according to 
methods described in ISO 6564 
(1985), ISO 8587 
(1988) and ISO-Draft 11036 (1992). 
Unspecified 
Whiteness 
Colour hue 
Colour strength 
Total flavour 
Sweet 
Sour 
Bitter 
Fruity 
Strawberry 
Earthy 
Off flavour 
Stickiness 
(Shamaila, 
Powrie, & 
Skura, 1992) 
Evaluating the 
sensory attributes of 
strawberries stored 
under Modified 
Atmospheric 
Packaging. 
Quantitative 
Descriptive 
Analysis 
Chandler 
strawberries grown 
in California, USA 
Aroma 
Texture 
Flavour 
9 trained 
panellists, 5 
female, 4 male, 
aged 25-40 
Previous sensory evaluation 
experience; Trained over a 2 week 
period, 4 sessions in total 
Developed and reached 
consensus on descriptive 
language 
Strawberry odour 
Sweetness 
Texture 
Off odour 
Fermented odour 
Musty odours 
Bitterness 
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(Schulbach et 
al., 2004) 
Correlating the 
sensory profile of 
strawberries with 
instrumental 
analysis 
General 
Descriptive 
Analysis 
Camarosa, Festival, 
Mirador, Sweet 
Charlie and 
FL96-114, grown 
near Plant City, Fla. 
Flavour 
16 trained 
panellists, 6 
female, 10 
male, aged 21-
43 years 
Seven training sessions 
Devised by panel leader, 
selected from the 
literature 
Strawberry 
Green 
Fruity 
Floral 
Caramel 
Peach 
Sweet 
Sour 
(Ulrich et al., 
1997) 
Analysing volatile 
compounds and 
comparing to 
sensory attributes. 
General 
Descriptive 
Analysis 
4 European 
cultivated 
strawberry 
cultivars, 1 wild 
strawberry cultivar 
grown in Germany 
Aroma 
Flavour 
15 member 
trained panel Unspecified 
Language was developed 
and defined, followed by 
calibration with reference 
standards 
Green 
Aromatic 
Fruity 
Flowery 
Sweet 
Sour 
Flavour 
Stale 
Ripe 
Popularity 
(Van der Steen, 
Jacxsens, 
Devlieghere, & 
Debevere, 
2002) 
To determine the 
influence of 
packaging on 
strawberry quality 
General 
Descriptive 
Analysis 
Strawberries grown 
in Israel 
Colour 
Odour 
Taste 
Texture 
A trained panel, 
minimum of 6 
members 
Unspecified Unspecified 
Light colour 
Dark colour 
No odour 
Rotten odour 
Acid taste 
Earthy taste 
Hard 
Soft 
(Vandenberghe 
& Claes, 2011) 
Correlating the 
sensory analysis of 
juiciness to 
instrumental 
analysis 
General 
Descriptive 
Analysis 
 
Unripe, ripe and 
overripe Elsanta, 
ripe Charlotte, 
Antea, Clery, Sonata 
and Malling Pearl 
cultivars grown in 
Belgium 
 
Texture 22 trained panellists 
Two training sessions following 
screening 
ISO 8586 methodology 
used in the screening 
process 
Juiciness 
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1.5.2 Napping 
 
DA methods described above are often expensive and time consuming, and thus 
more rapid and cost-effective methods have been recently developed (Varela & 
Ares, 2012). Napping, a specialised form of projective mapping is one such 
method, whereby individual perceptual maps are created by assessors illustrating 
product differences and similarities on a two dimensional space (Pagès, 2005; 
Pagès et al., 2010; Risvik et al., 1994). Assessors devise their own criteria for 
separating products, and as such training is not required on the usage of 
descriptive terms. This can therefore be readily applied by experts or consumers, 
however, greater numbers of assessors are required when incorporating 
untrained panellists or consumers (Nestrud & Lawless, 2011; Perrin et al., 2008; 
Risvik et al., 1994). The perceptual maps generated through Napping have been 
demonstrated as having similar discriminating power to those produced through 
DA (Dehlholm, Brockhoff, Meinert, Aaslyng, & Bredie, 2012).  
 
An Ultra-Flash Profiling (UFP) component has been incorporated with Napping to 
gain additional information regarding the specific attributes of a product (Perrin 
et al., 2008). UFP was developed as a flexible method to rapidly provide a 
descriptive profile of the key sensory attributes of a product (Dairou & 
Sieffermann, 2002). The incorporation of UFP with Napping therefore, provides 
similar information to that obtained through traditional DA (Varela & Ares, 2012). 
Napping, being a novel technique has not been studied in detail thus far, and 
hence the reproducibility and validity of these methods is yet to be established 
(Varela & Ares, 2012). Research applying a similar technique, in Projective 
Mapping, has been recently applied to strawberries using untrained consumers 
(Vicente, Varela, de Saldamando, & Ares, 2014). However, there is limited 
research validating the use of consumers applying the Napping methodology to 
strawberries, against traditional techniques using a trained sensory panel. This 
technique may prove to be a valid instrument in objectively profiling the flavour 
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of strawberries, and may prove an alternative to the traditional DA method in 
future research. 
 
 
1.5.3 Check-All-That-Applies 
 
Descriptive techniques are expensive, in part due to the training required for the 
panel to devise and be calibrated to a sensory lexicon for each product category 
of interest. Therefore, to negate the need for development of a strawberry lexicon 
during panel training, rapid tools such as CATA have been developed as a fast 
approach to profile the sensory characteristics of products. Although not a 
recently developed approach, CATA has gained interest in recent times, and been 
applied more commonly to sensory profiling research and, in particular, to 
strawberry cultivar research (Lado, Vicente, Manzzioni, & Ares, 2010). The 
attribute list applied to this methodology is pre-defined by the sensory leader 
using descriptive language that covers the sensory variation seen within a product 
category (Ares & Jaeger, 2013). Assessors are untrained in the terminology, and 
as such may not all understand terms in the same way. However, when restricted 
by time and cost, a rapid profile of a product may be achieved using CATA 
techniques. As indicated by the name, assessors are required to check all the 
attributes that apply to the product they are evaluating from the list of attributes 
provided. 
 
This technique may be analysed in such a way that the output is comparable with 
conventional profiling (Dooley et al., 2010), and as such may be used to 
understand the attributes driving consumer liking. Research applying CATA using 
untrained consumers identified differences between strawberry cultivars, 
however was unable to establish the attributes driving liking (Lado et al., 2010). It 
is therefore important to determine the attributes driving liking of strawberries 
from a consumer perspective, and whether this translates to similar attributes via 
the use of a trained panel. If the results are representative of those achieved by 
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conventional profiling, this methodology may be used as a rapid alternative to the 
traditional profiling techniques. 
 
 
1.5.4 Temporal Dominance of Sensations 
 
TDS is a rapid sensory profiling technique that was introduced as a potential 
replacement for traditional Time-intensity (TI) methodologies. Traditional 
techniques require each attribute to be evaluated individually, and as such, 
evaluations are lengthy, particularly if a product possesses a wide array of sensory 
attributes (Cliff & Heymann, 1993). The time involved therefore renders this 
approach costly, and thus TDS was introduced to shorten the time required to 
evaluate products (Pineau et al., 2009). TDS evaluates a single eating event, and 
identifies the dominant sensory attribute at any given point in time during the 
eating process. TDS is a technique whereby the intensity of dominant attributes 
are evaluated at the time sensations begin, repeatedly until the sensations end 
(Pineau et al., 2009). This methodology may be useful when the product of 
interest has a lingering aftertaste, and thus may be a welcomed addition to DA to 
provide a more comprehensive picture of the sensations occurring during and 
following an eating event (Labbe, Schlich, Pineau, Gilbert, & Martin, 2009). 
 
Recent research has applied the TDS methodology to strawberry pulp, identifying 
sour as the dominant attribute (Santos Gonçalves et al., 2017). This methodology 
is therefore relevant to understand whether there are differences in the sensory 
profile of strawberries, differing in cultivar and maturation stage, in the sequence 
of dominant sensations. The addition of TDS may therefore complement 
conventional profiling techniques to allow a deeper understanding of the sensory 
experience associated with strawberries. 
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1.5.5 Consumer acceptability and preference 
 
Consumer acceptability is an important aspect of product research and 
development in guiding product development towards meeting consumer 
demands (Kemp, Hollowood, & Hort, 2009). It is a fundamental tool when 
assessing whether a product is likely to be accepted or rejected by the public 
(Meilgaard et al., 1999). Due to the wide variation between individuals, flavour 
perception will be unique to the individual tasting a food (Miller Jr & Reedy Jr, 
1990). For this reason, when determining consumer acceptance, a large number 
of randomised consumers are required that are representative of the population. 
There are many forms of assessing consumer perception, and they fall under one 
of two categories; consumer acceptance and consumer preference testing (Hein, 
Jaeger, Carr, & Delahunty, 2008). 
 
Consumer acceptability testing assesses products individually to determine their 
hedonic ratings using scales (Brueckner, 2009; Hein et al., 2008). A recently 
developed method for consumer liking is the hedonic general labelled magnitude 
scale (HgLMS) (Lim, 2011). This scale enables product evaluation in the context of 
all hedonic experiences, thus eliminating any ceiling effects that may be observed 
with the more common 9-point hedonic scale. This should therefore be able to 
better discriminate between similar products due to the increased end points of 
the scale when compared to the more traditional 9-point-hedonic scale (Lim, 
2011). Preference testing directly compares two or more products (Hein et al., 
2008), and thus the simplicity of this task together with the individual ratings 
produced through hedonic scaling should provide a well-rounded understanding 
of consumer product perception. The combination of consumer acceptance and 
preference methods will therefore be instrumental in guiding product 
development towards a more well-liked strawberry. 
 
 
 
 
 
Chapter One: Review of the literature 
 
 
28 
 
Table 1.2 Studies applying rapid methodologies and assessing consumer liking of strawberries. 
Reference Aim Method Products Sensory attributes Panel Experience / Training Lexicon development Lexicon 
(Ares & Jaeger, 
2013) 
Evaluating the 
influence of the 
attribute order on 
the sensory output 
Check All 
That 
Applies 
4 commercial strawberry 
cultivars, and 2 cultivars 
from a breeding 
program in Uruguay 
Appearance 
Aroma 
Flavour 
Texture 
116 consumers, 57% 
female, 43% male, 
aged between 18 and 
78 years old 
Untrained consumers Selected from the literature 
Not very sweet 
Sweet 
Sour 
Not very sour 
Intense strawberry odour 
No strawberry odour 
Intense strawberry flavour 
No strawberry flavour 
Tasty 
Not tasty 
Firm 
Hard 
Soft 
Juicy 
Not very juicy 
Intense red colour 
Not much red colour 
Regular shape 
Irregular shape 
Small 
Big 
(Ares, Tárrega, 
Izquierdo, & 
Jaeger, 2014) 
Evaluating the 
number of 
consumers required 
for stable sample 
configurations 
Check All 
That 
Applies 
3 sets of 6 strawberry 
cultivars Unspecified 
3 sets of consumers: 
110, 96, and 107 in 
each test, aged 
between 18 and 75 
years 
Untrained consumers Unspecified 
Unspecified lexicon, 
21, 22 and 18 terms were used 
in each of the tests 
respectively 
(Lado et al., 
2010) 
Applying the Check 
All That Apply 
methodology to 
evaluate strawberries 
cultivars from a 
breeding program 
Check All 
That 
Applies 
3 commercial strawberry 
cultivars, and 3 cultivars 
from a breeding 
program in Uruguay 
Appearance 
Aroma 
Flavour 
Texture 
99 consumers, 62% 
female and 28% male, 
aged between 18 and 
75 years 
Untrained consumers Selected from the literature 
Not very sweet 
Sweet 
Very sweet 
Very sour 
Sour 
Not very sour 
Intense strawberry odour 
Not much strawberry odour 
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Not much strawberry flavour 
Intense strawberry flavour 
Intense red colour 
Not much red colour 
Regular shape 
Irregular shape 
Small 
Big 
Firm 
Very firm 
Soft 
Juicy 
Very juicy 
Not very juicy 
(Lado, Vicente, 
Manzzioni, 
Ghelfi, & Ares, 
2012) 
Establishing fruit 
quality and consumer 
acceptance of a 
range of cultivars 
Check All 
That 
Applies and 
Consumer 
Preference 
Testing 
3 commercial cultivars 
and 3 advanced 
breeding lines grown in 
Uruguay 
Liking overall and 
flavour, 
CATA of 
appearance, flavour 
and texture 
99 consumers, 44% 
female, 56% male, 
aged 18 to 70 years 
 
Untrained consumers Unspecified 
Little sweet 
Sweet 
Very sweet 
Very sour 
Little acid 
Acid 
Intense strawberry odour 
Little strawberry odour 
Much strawberry flavour 
Little strawberry flavour 
Intense red colour 
Little red colour 
Red 
Regular shape 
Irregular shape 
Small 
Large 
Firm 
Very firm 
Soft 
Juicy 
Very juicy 
Not very juicy 
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(Vicente et al., 
2014) 
Evaluating reliability 
of Projective 
Mapping to describe 
strawberry cultivars 
Projective 
Mapping 
3 commercial strawberry 
cultivars, and 2 cultivars 
from a breeding 
program in Uruguay 
Appearance 
Flavour 
Texture 
34 consumers, 62% 
Female, 38% male, 
aged between 18 and 
65 years 
Untrained consumers 
Devised by consumers 
using own descriptive 
terms 
Tasteless 
Tasty 
Hard 
Firm 
Soft 
Smooth 
Mealy 
Small 
Medium-sized 
Big 
Intense red colour 
Intense external red colour 
Intense internal red colour 
Not much red colour 
Juicy 
Dry 
Sour 
Sweet 
Very sour 
(Santos 
Gonçalves et 
al., 2017) 
Using Temporal 
Dominance of 
Sensations to 
evaluate pureed 
strawberries under 
pasteurisation and 
freezing 
Temporal 
Dominance 
of 
Sensations 
Camino Real cultivar 
subjected to 
pasteurisation or 
freezing treatments 
Appearance 
Flavour 
Texture 
40 panellists Trained in TDS methodology Selected in a pre-test 
Sweet 
Sour 
Tasteless 
Bad taste 
Fermented 
Bitter 
Metallic 
Astringent 
(Ares et al., 
2009) 
 
Developing a sensory 
quality index for 
appearance and 
odour of strawberries 
based on consumer 
perception. 
 
Descriptive 
Analysis 
and 
Consumer 
Preference 
Testing 
6 samples of 
strawberries at different 
ripening levels from 
Montevideo, Uruguay 
Liking 
60 consumers, 50% 
female, 50% male,  
Aged between 18 and 
50 years 
Untrained consumers NA NA 
  
 
 
 
Chapter One: Review of the literature 
 
 
31 
 
(Jouquand et 
al., 2008) 
Identifying the 
factors affecting 
eating quality and 
impact of harvest 
date on sensory 
characteristics 
Consumer 
Preference 
testing 
Year 1: 1 commercial 
strawberry cultivar, and 
5 cultivars from a 
breeding program in 
Florida 
Year 2: 3 commercial 
strawberry cultivars, and 
4 cultivars from a 
breeding program in 
Florida 
Liking of 
appearance, flavour, 
sweetness, tartness, 
texture 
 
Year 1: 2 panels of 50 
and 51 consumers 
Year 2: 2 panels of 60 
and 66 consumers 
Panellists aged 
between 26 and 65 
years 
 
Untrained consumers NA NA 
(Schwieterman 
et al., 2014) 
Determining the 
influence of chemical 
composition on fruit 
quality and sensory 
perception 
Consumer 
Perception 
and 
Preference 
Testing 
54 strawberry samples 
across two seasons, with 
3 – 5 tested per session 
 
Liking of overall and 
texture, 
Intensity of 
Sweetness, 
Sourness, 
Strawberry flavour 
 
166 consumers, 108 
female, 58 male, aged 
between 18 and 71 
years 
Untrained consumers NA NA 
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1.6 Flavour profiling and consumer liking  
1.6.1 Preference mapping 
 
An understanding of sensory attributes that drive the acceptance or rejection of a 
product is crucial in product research and development. Once information is 
gathered through the methods discussed previously regarding both the objective 
descriptive attributes of products and the consumer perception toward these 
products, this information must be compiled to gain insight into the attributes that 
determine consumer acceptance (Arditti, 1997). Previous techniques to compile 
this data were based on mean analytical ratings, and thus have been described as 
not accounting for differences amongst consumers (Guinard, Uotani, & Schlich, 
2001). A recent approach that enables each consumer to be taken into account is 
preference mapping (PM) (Guinard et al., 2001). PM is a multivariate statistical 
approach that combines the descriptive profile and consumer perception to 
determine why consumers like or dislike a given product. Two separate analysis 
approaches, namely internal and external PM, explain consumer preferences 
according to the sensory attributes of the product, and how different sensory 
attributes may influence acceptability of that product (Wajrock, Antille, Rytz, 
Pineau, & Hager, 2008). This complex analysis will provide valuable insight, and 
enable an understanding into the flavour attributes of strawberries that drive 
product acceptance, to aid in development of a novel strawberry cultivar. 
 
 
1.6.2 Benefits to industry of a flavoursome strawberry 
 
A more flavoursome and well-liked strawberry should generate increased 
strawberry consumption, and thus purchases. This increase in consumption is 
two-fold in its benefits, benefitting both consumer and industry. Firstly, a more 
flavoursome strawberry expressing well-liked flavours should satisfy consumer 
needs for high quality, flavoursome fruit (Horticulture Australia Limited, 2012). 
With an increase in sales the industry will similarly reap in the benefits. If 
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strawberries that are produced in Australia are equivalent to or perhaps superior 
in flavour to overseas competitors, local markets may be further developed. This 
may initiate a reduction in the 24 tonnes of strawberries currently imported into 
Australia (Food and Agriculture Organization of the United Nations, 2017). With 
the development of Australian-bred cultivars with the ideal flavour, perhaps there 
is an opportunity for Australian breeders to become larger and more significant 
players in the global strawberry production market. 
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1.7 Summary  
 
Strawberries are an important food commodity in both fresh and processed form, 
with greater than eight million metric tonnes produced per year (Food and 
Agriculture Organization of the United Nations, 2017). Currently, Australia is 
ranked 26th in the world by means of production (Food and Agriculture 
Organization of the United Nations, 2017), and perhaps improvements to flavour 
and quality parameters of the Australian strawberry to meet consumer demands 
will see Australia become a larger player in the local and worldwide production of 
strawberries. The focus of many breeding programs appears to be on production 
yield, disease resistance to environmental conditions and a prolonged shelf life, 
with a lack of emphasis on flavour (Aday & Caner, 2013; Azodanlou et al., 2003; 
Horticulture Australia Limited & Strawberry Industry Advisory Committee, 2011; 
Morrison & Herrington, 2002). The Australian Strawberry Industry's Priorities 
2009-2013, however, include a focus on the consumer demands for the 
production of a flavoursome strawberry (Horticulture Australia Limited, 2012). 
 
Strawberry flavour is a complex combination of over 360 volatiles, as well as the 
non-volatile sugars and organic acids (Aubert et al., 2005; Azodanlou et al., 2003). 
In order to identify the attributes of a well-liked strawberry to aid in the 
development of flavoursome novel cultivars, both traditional and novel sensory 
techniques should be employed. Flavour can be objectively assessed via a trained 
sensory panel using traditional DA techniques, or through a novice consumer 
panel using Napping with UFP, CATA or TDS. Strawberry liking may be evaluated 
through consumer acceptance and preference methods. Through PM statistical 
analysis techniques, the data compiled from the objective analysis of flavour and 
the hedonic ratings of strawberries may identify the components in strawberries 
attributable to liking (Arditti, 1997; Guinard et al., 2001). The Napping, CATA and 
TDS methods may additionally be established as effective alternatives to DA for 
future research in the objective evaluation of the flavour attributes of strawberry 
fruit.  
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1.8 Thesis Aims and Objectives 
 
The overarching aim of this thesis was to identify the key flavour attributes driving 
liking in strawberries, to assist future breeding programs in ensuring newly 
developed cultivars express well-liked flavours and meet consumer needs. A 
secondary aim of this thesis was to investigate recently developed methods in 
sensory science to understand their potential application in future work. Across 
the five studies included in this thesis the objectives were to: 
 
 Establish a sensory lexicon to describe the differences between 
strawberries of varying cultivars at different maturation levels relevant to 
Australian strawberry cultivars. Once established, this lexicon will assist 
current breeding programs within Australia to identify attributes in newly 
bred strawberry cultivars that are associated with liking. 
 Identify the flavours contributing to liking via the application of PM 
techniques to the descriptive profile and consumer preference data of 
commercial and newly bred strawberry cultivars. The identification of 
attributes will assist breeding programs to ensure newly developed 
cultivars express well-liked flavours. 
 Determine the suitability of Napping with UFP for a non-homogenous 
agricultural product, via the comparison with DA, as well as assess the 
importance of product training in Napping with UFP. 
 Determine the suitability of CATA for strawberries, and assess consumer 
aptitude in articulating attributes driving liking, via the comparison with 
DA. 
 Compare the TDS methodology to traditional DA, to understand if these 
methods are able to complement one another in profiling strawberries of 
various cultivars at differing maturation stages. 
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2 Chapter Two: Materials and 
methodologies 
 
2.1 Trained panel recruitment 
 
Flyers were mailed out to the surrounding areas of Deakin University, Melbourne, 
Australia, with additional flyers placed in local supermarkets, shopping centres, 
libraries, community centres and gymnasiums (Appendix C). Emails were sent out 
to potential panellists from a database of contacts who had previously 
participated in sensory studies at Deakin University or were currently Deakin 
University staff members (Appendix D). Potential panellists were invited to 
participate if they were over the age of 18, available between the hours of 10am 
and 5pm Monday to Friday, enjoyed a wide variety of foods and liked the taste of 
strawberries. This was determined through initial screening questions (Appendix 
F). Potential panellists were excluded from participating if they smoked, were 
pregnant or lactating, possessed any food allergies, or if they possessed any 
medical conditions that may alter their ability to taste. Seventy-eight expressions 
of interest were obtained with 58 potential panellists screened for their taste and 
aroma acuity. All potential panellists provided informed consent prior to the 
commencement of testing (Appendix B). This research has been approved by the 
Deakin University Human Ethics Advisory Group, Faculty of Health (HEAG-H 
105_2012) (Appendix A). 
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2.2 Trained panel screening tests 
2.2.1 Reimbursement 
 
All those participating in the screening process were reimbursed for their time, 
with a Coles Myer Group gift card, Visa gift card, or cash reimbursement provided 
to each participant to the value of $10.  
 
 
2.2.2 Instructions prior to testing 
 
Potential panellists were instructed to have refrained from teeth brushing and 
eating or drinking anything, aside from water, in the two hours prior to their 
testing time. They were additionally instructed not to wear any cosmetics with a 
fragrance or be exposed to areas that are associated with strong aromas on the 
day of testing. Testing was conducted in the Centre of Advanced Sensory Science 
(CASS) Laboratory at Deakin University, Melbourne, Australia, in individual testing 
booths using Compusense® Cloud (Guelph, ON). The testing room was well 
ventilated and well lit (see Appendix G for Compusense Script). 
 
 
2.2.3 Screening test part 1: taste 
2.2.3.1 Preparation of samples 
 
The appropriate amount of each compound as listed in Table 2.1 and 2.2 was 
weighed (Pioneer OHAus Corporation, Pine Brook, USA) and added individually to 
1 litre boiling water (100ºC) on a stirring hotplate to allow each of the compounds 
to completely dissolve and produce the relevant concentrated solutions. These 
quantities were derived from the International Organisation for Standardisation 
(ISO), ISO Sensory analysis - General guidance for the selection, training and 
monitoring of assessors - Part 1 and Part 2 (International Organization for 
Standardization (ISO), 1993, 2008). Once cooled, the solutions were filled up to 1 
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litre with deionised water (if any water evaporated during cooling) in a volumetric 
flask. Solutions were then cooled to room temperature prior to being presented 
to participants. All solutions were prepared on the morning of testing. 
 
 
Table 2.1 Taste descriptors and the chemical stimulus with their concentrations for screening 
tests (International Organization for Standardization (ISO), 1993, 2008). 
Taste Compound Conc. (g/L) 
Sweet Sucrose 12.0 
Salty Sodium chloride 2.0 
Sour Citric acid 0.6 
Bitter Caffeine 0.3 
Umami Monosodium glutamate 1.0 
Astringent Tannic acid 0.5 
Metallic Ferrous sulphate hydrated 0.02 
Sweet/bitter Sucrose/Caffeine 20.0/0.3 
Sweet/sour Sucrose/Citric acid 15.0/0.3 
Control Water  
 
 
2.2.3.2 Description tests 
 
Trays containing the ten samples displayed in Table 2.1, were presented in a 
randomised order in 30mL clear plastic medicine cups, each blinded with a three-
digit randomised code so that there was no preconceived perception as to what 
the sample may be. The taste tests were conducted under red lights to mask any 
colour variance that there may be between samples. Wearing a nose clip, the 15 
mL samples were placed into the oral cavity, held in the mouth for 5 to 10 seconds 
to evaluate and identify the taste or tastes perceived (e.g. sweet, sour, etc.), and 
then expectorated. Deionised water was used to rinse the oral cavity between 
samples.  
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2.2.3.3 Rating taste intensity 
 
Trays containing sample solutions of one of the five basic tastes were presented 
in a randomised order. Each tray contained four different concentrations of one 
taste quality, and these were placed on trays in a randomised order (see Table 2.2 
for concentrations). Each solution was labelled with a unique three-digit 
randomised code. Wearing a nose clip, the 15 mL samples were placed into the 
oral cavity, held in the mouth for 5 to 10 seconds and expectorated, ensuring the 
oral cavity was rinsed with deionised water between samples. Each of the samples 
was rated according to the perceived intensity of the taste quality on a line scale 
ranging from no sensation to extremely strong sensation. This procedure was 
repeated for each of the five basic tastes.  
 
 
2.2.3.4 Ranking taste intensity 
 
Following intensity rating, further trays were provided with the same samples and 
randomised in the same way as described in the previous section. These samples 
were coded with different three-digit randomised codes to the previous task, so 
that there was no potential bias regarding each of the samples. The same 
methodology was applied for this test as for the intensity rating; however, these 
solutions were required to be ranked in ascending order according to the 
perceived intensity of solutions.  
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Table 2.2 Concentration of solutions for rating ad ranking taste intensity for screening tests 
(International Organization for Standardization (ISO), 1993, 2008; Meilgaard et al., 1999). 
Taste quality Stimuli Conc. (g/l) 
Sweet Sucrose 10 20 50 100 
Salty Sodium chloride 1.0 2.0 5.0 10.0 
Sour Citric acid 0.25 0.5 1.0 1.5 
Bitter Caffeine 0.3 0.6 1.3 2.6 
Umami Monosodium glutamate 1.0 2.0 5.0 10.0 
 
 
2.2.4 Screening test part 2: aroma 
2.2.4.1 Preparation of aroma jars 
 
Filter paper was cut into 1x4cm strips and placed into bowls with each of the ten 
liquid aromas (Table 2.3). Filter paper was soaked for five minutes to allow each 
of the aromas to completely saturate the filter paper. Individual strips of filter 
paper were then placed into 50ml amber glass jars and sealed.  
 
 
2.2.4.2 Description tests 
 
Ten aroma jars each blinded with a three-digit randomised code were presented 
on trays in a randomised order (see Table 2.3 for aromas). The aromas were placed 
in amber jars to mask any colour variance that there may be between samples. 
The seal on the jar was required to be removed and the fragrance sniffed for 2-3 
seconds each, before the seal was replaced. Between samples, the inside of the 
wrist was sniffed to reset the sense of smell. This was followed by identification 
of the aroma, using descriptors for each from the list provided. 
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Table 2.3 Aroma descriptors and the chemical stimulus for aroma identification screening tests. 
Aroma descriptor Stimulus 
Floral Linalool 
Banana Banana flavour SN079827 
Chocolate Chocolate flavour 031282 
Leather, soap Leather classic fragrance 305372 
Almond, cherry, amaretto Almond flavour 010162 
Cinnamon Cinnamon flavour, 033369 
Raspberry Raspberry flavour 084246 
Green cis-3-Hexanol 
Clove Natural clove flavour 033840 
No aroma Control 
 
 
2.2.4.3 Matching tests 
 
Ten aroma jars were presented on trays; two sets of the same aroma in a 
randomised order (see Table 2.4 for aromas). Each of the five fragrances in the 
first set was required to be sniffed using the same technique as previously 
described. The second row of samples was then required to be sniffed and 
correctly matched to the fragrance in the first set. 
 
 
Table 2.4 Aroma descriptors and the chemical stimulus for aroma matching screening tests. 
Aroma descriptor Stimulus 
Pineapple Pineapple flavour SN079879 
Raspberry Raspberry flavour 084246 
Floral Linalool 
Vanilla Vanilla extract, 104494 
Green cis-3-Hexanol 
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2.2.5 Screening test part 3: strawberries 
2.2.5.1 Strawberry descriptor generation 
 
Three commercially available strawberries sourced from local supermarkets and 
greengrocers (cultivars not specified) were presented on a tray. The key attributes 
of the strawberries were then described applying an adapted Flash Profile method 
to construct a novice assessor’s descriptive profile of attributes, including the 
appearance, aroma, taste, texture and aftertaste of the strawberries. This method 
requires no training, and thus can easily be applied by a novice assessor. Potential 
panellists were required to use their own vocabulary to describe the strawberries, 
and were therefore not limited by a predefined list of terms. 
 
 
2.2.6 Screening test part 4: panel selection 
 
Following the screening tests, unsuitable candidates that performed poorly on the 
screening tests (correct response rate below 60%), or did not comply with testing 
instructions were identified, and were not included in the panel training phase. 
Suitable panellists that showed potential during the screening tests were invited 
to participate in the training phase. 
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2.3 Quantitative Descriptive Analysis™ (QDA™) panel 
training 
2.3.1 Reimbursement 
 
All panellists were reimbursed for their time, with a Coles Myer Group gift card, 
Visa gift card, or cash reimbursement provided to each participant to the value of 
$20 per session.  
 
 
2.3.2 Training part 1: taste and smell 
 
 
Table 2.5 Panel training schedule. 
Training session Training topic 
1  Overview of the sense of taste 
 Identification of the 5 basic tastes both individually and in 
mixtures 
2  Overview of the sense of smell 
 Identification of common aromas both individually and in 
combination 
3  Familiarisation with strawberries 
 Exposure to descriptors commonly used to describe strawberries 
4-9  Development of descriptive language to describe strawberries for 
the QDA™ method 
10-14  Consensus of descriptive language to describe strawberries 
 Exposure to common ingredients, chemicals and products as 
reference standards 
 Calibrated to use scales with spiked samples 
15  Use of QDA™ techniques with commercial strawberries 
16  Continued use of QDA™ techniques to ensure repeatability and 
accuracy 
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The panel was trained in techniques consistent with the QDA™ methodology 
(Lawless & Heymann, 2010). In total panel training ran over 16 sessions with each 
session extending up to two hours, thus totalling 32 hours (see Table 2.5 for the 
training schedule). 
 
Initially the sense of taste and smell was introduced with an overview of these 
systems, followed by specific training to identify various tastes and aromas both 
individually and within mixtures. Panellists were primarily presented with a 
reference sample of each of the tastes provided during screening. Each sample 
was prepared using the same method as described previously, at a concentration 
higher than those formulated for screening (see Table 2.6 for concentrations). 
Panellists were then informed of the correct name to identify the samples. This 
technique was used to correct any confusion between tastes (for example 
confusing sour for bitter). Panellists were then retested with the same taste 
solutions used during screening to rectify previous errors. To train panellists for 
their sense of smell, common food and non-food products were wrapped in 
cotton wool and placed in opaque cups (see Table 2.7 for the list of products). 
Panellists were required to identify the correct aroma for each of the products. 
Those who did not perform well during these tasks undertook further training in 
these methods. Following further training, any potential panellist that continued 
to perform poorly on these tasks were not invited to continue with the panel 
training. 
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Table 2.6 Taste descriptors and the chemical stimulus with their concentrations for QDA™ panel 
training. 
Taste Compound Conc. (g/L) 
Sweet Sucrose 50.0 
Salty Sodium chloride 5.0 
Sour Citric acid 1.0 
Bitter Caffeine 1.3 
Umami Monosodium glutamate 5.0 
Astringent Tannic acid 1.0 
Metallic Ferrous sulphate hydrated 0.05 
 
 
 
 
Table 2.7 Aroma descriptors and their product stimulus for QDA™ panel training. 
Aroma descriptor Stimulus 
Garlic Garlic clove 
Ginger Fresh Ginger 
Dill Fresh dill 
Parsley Fresh parsley 
Coriander Fresh coriander 
Coffee Ground coffee beans 
Chocolate Dark chocolate 
Peach Tinned peaches 
Strawberry Fresh strawberries 
Mint Toothpaste 
Soap Liquid Dettol hand wash 
Floral Floral air freshener 
Vanilla Vanilla bean paste 
Vinegar White vinegar 
Rose Rose water 
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2.3.3 Training part 2: familiarisation with strawberries 
 
Panellists were then familiarised with the product under test. A variety of 
Queensland and Western Australian commercial strawberries sourced from local 
supermarkets and greengrocers were supplied to panellists. To ensure exposure 
to a wide variety of strawberries, various supermarkets and greengrocers were 
accessed. Panellists were then familiarised with the diversity in strawberry 
appearance, aroma, taste, texture and aftertaste. 
 
 
2.3.4 Training part 3: development of strawberry lexicon 
 
QDA™ requires at least 10 – 15 hours of training in the development of a common 
descriptive language for the product to be tested (Murray et al., 2001). Panel 
training to develop the strawberry descriptive lexicon ran over six sessions, 12 
hours in total. Existing language from the literature was first compiled, together 
with the descriptors generated through the screening procedure (See Appendix 1 
for the list of descriptors with their associated chemicals). Panellists collaborated 
over a number of sessions to generate a list of descriptive terms to accurately 
describe the attributes of strawberries with some guidance provided from the 
panel leader. The attributes generated covered the appearance, aroma, taste 
texture and aftertaste of strawberries. The generation of terms needed to be 
broad enough to cover the differences noted between strawberries. Panellists 
were exposed to a range of commercially available strawberry cultivars sourced 
from a range of supermarkets and greengrocers during training to compile a 
comprehensive list of terms. They were additionally exposed to a range of other 
fruits and aromas similar to those that had been identified in strawberries in the 
literature to assist with the development of terms. 
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2.3.5 Training part 4: consensus of strawberry lexicon 
 
Following the generation of the list, a consensus (with panel leader input) was 
reached within the panel to compile a final list of attributes that described the 
differences between cultivars. Similar descriptors were grouped when deemed 
appropriate, and replaced by a common term to describe the group, with any 
unnecessary terms removed. For example, terms such as vanilla, caramel and 
honey were grouped and replaced with the common descriptor, caramel. 
Panellists then agreed upon product references for each of the descriptive terms. 
The points of reference for each descriptor were in the form of chemicals, 
ingredients or actual products (see Table 2.8 for the final attribute list).  
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Table 2.8 A strawberry lexicon as devised by a trained panel via QDA™ (Oliver et al., 2018). 
Modality Attribute Definition Product reference 
Appearance 
Red colour The intensity of red colour from light to dark Strawberries varying widely in colour 
Length The length of the strawberry from short to elongated  Strawberries varying widely in size 
Aroma 
Berry The aroma associated with a combination of mixed berries 
Combination of mixed frozen 
berries (raspberries, blackberries, 
blueberries), thawed 
Caramel The aroma associated with aromatics of cooked sugar syrup Freshly cooked caramel 
Citrus The aroma characterised by sour notes present in lemon and lime Combination of cut lemon and lime 
Earthy Aromatic associated with dirt or soil, cut tree stump, tree branch or wood Fresh soil, mushroom 
Floral Sweet, fragrant aromatic associated with flowers, perfume and potpourri Combination of fresh flowers 
Fruity 
Sweet, intense aromatic associated with a 
combination of mixed fruit; pineapple, melon, apple, 
grape 
Combination of mixed, cut fruit 
(pineapple, melon, apple, grape) 
Green An unripe aroma characterised by cut grass and unripe or green fruit Cis-3-hexen-1-ol 
Texture Firmness Degree of firmness, from soft to firm Marshmallow soft to apple firm 
Mouthfeel 
Juicy Degree of presence of fluid, from low to high A juicy orange 
Fibrous Presence of long, stringy fibres, from low to high Unripe mango 
Gritty Degree of grainy, sandy texture, characterised by a high presence of seeds, from ow to high Grainy bread (chia, cape seed) 
Astringent Feeling in the mouth characterised by drying; associated with the presence of tannins 1.0g/L Tannic acid solution 
Flavour 
Berry The flavour associated with a combination of mixed berries 
Combination of mixed frozen 
berries (raspberries, blackberries, 
blueberries), thawed 
Caramel The intensely artificial sweetness associated with aromatics of cooked sugar Freshly cooked caramel 
Citrus The flavour characterised by sour notes present in lemon and lime Combination of cut lemon and lime 
Earthy Aromatic associated with dirt or soil, cut tree stump, tree branch or wood Fresh soil, mushroom 
Fermented Sharp, pungent aromatics associated with rotting or fermented fruits Overripe fruit 
Floral Sweet, fragrant flavour associated with flowers, perfume and potpourri Combination of fresh flowers 
Fruity Sweet, intense flavour associated with a combination of mixed fruit; pineapple, melon, apple, grape 
Combination of mixed, cut fruit 
(pineapple, melon, apple, grape) 
Green An unripe flavour characterised by cut grass and unripe or green fruit Cis-3-hexen-1-ol 
Sweet Taste associated with sucrose 24g/L Sucrose solution 
Sour Taste associated with acid 1.2g/L Citric acid solution 
Aftertaste 
Berry The aftertaste associated with a combination of mixed berries 
Combination of mixed frozen 
berries (raspberries, blackberries, 
blueberries), thawed 
Caramel The intensely artificial sweetness associated with aromatics of cooked sugar Freshly cooked caramel 
Citrus The aftertaste characterised by sour notes present in lemon and lime Combination of cut lemon and lime 
Earthy Aromatic associated with dirt or soil, cut tree stump, tree branch or wood Fresh soil, mushroom 
Fermented Sharp, pungent aromatics associated with rotting or fermented fruits Overripe fruit 
Floral Sweet, fragrant aftertaste associated with flowers, perfume and potpourri Combination of fresh flowers 
Fruity 
Sweet, intense aftertaste associated with a 
combination of mixed fruit; pineapple, melon, apple, 
grape 
Combination of mixed, cut fruit 
(pineapple, melon, apple, grape) 
Green An unripe aftertaste characterised by cut grass and unripe or green fruit Cis-3-hexen-1-ol 
Sweet Aftertaste associated with sucrose 24g/L Sucrose solution 
Sour Aftertaste associated with acid 1.2g/L Citric acid solution 
Chapter Two: Materials and methodologies 
 
 
49 
 
2.3.6 Training part 5: calibration to use scales 
 
Panellists were trained to use line scales correctly to evaluate the quantitative 
aspect of each attribute. A 15-cm unstructured line scale was used, and following 
consensus of terms, panellists assigned anchor points to these scales. Each line 
scale was anchored by ‘not present (0)’ and ‘very strong’ (15). Panellists were 
exposed to the agreed products to use as a point of reference when assessing 
strawberries. Strawberries were pureed and spiked with the chemical, ingredient 
or actual product at various concentrations to represent each flavour descriptor. 
(see Table 2.9 for the list of reference products and amounts added to the pureed 
strawberries). Panellists were then required to correctly identify the stimulus 
added to the strawberries. They were trained to use intensity scales correctly 
using the various concentrations of the spiked strawberry purees. Open discussion 
with the panel leader then confirmed that panellists were rating attributes in the 
same way. The scores given for the intensities of each of the attributes were 
agreed upon in this discussion. Checks were conducted during this discussion to 
ensure panellists were rating products in the correct order of intensity as specified 
in Table 2.9. 
 
 
Table 2.9 Aroma, flavour and aftertaste descriptors and the relative amounts of reference 
product added to 200g pureed strawberries for training on calibration to scales. 
Attribute Product reference Amount added 
Berry 
Combination of mixed frozen 
berries (raspberries, 
blackberries, blueberries), 
thawed 
10g 20g 30g 40g 
Caramel Freshly cooked caramel 10g 20g 30g 40g 
Citrus Fresh lemon and lime 10mL 20mL 30mL 40mL 
Earthy Mushroom 10g 20g 30g 40g 
Fruity 
Combination of mixed, cut fruit 
(pineapple, melon, apple, 
grape) 
10g 20g 30g 40g 
Green Cis-5-hexanal 5mL 10mL 15mL 20mL 
Sweet Sucrose 5g 10g 15g 20g 
Sour Citric acid 5g 10g 15g 20g 
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2.3.7 Training part 6: practice and selection of panel 
 
To ensure repeatability and reproducibility of results, panellists repeatedly 
practiced these techniques. After the attribute list was established, and panellists 
were calibrated to scales, each panellist was provided with strawberries of various 
cultivars at different ripening levels for training evaluating strawberries. Training 
on scaling was conducted over ten hours, whereby panellists individually assessed 
strawberries, followed by group discussions to ensure panellists were using 
attributes in the same way. Panellists were monitored for their ability to 
discriminate samples across each of the attributes, and to ensure they were 
scaling in the same direction as the panel. To evaluate this, open discussion with 
the panel leader confirmed that panellists were rating attributes in the same way. 
The scores given for the intensities of each of the attributes were openly discussed 
in these sessions. Panellists then continued practicing using these terms with a 
range of strawberry cultivars at differing maturation levels. Those who did not 
perform well during these tasks undertook further training in these methods. 
Following further training, any potential panellist that continued to perform 
poorly on these tasks were not selected for the final panel. Following training, 14 
panel members were selected to go on to the panel. 
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2.4 Quantitative Descriptive Analysis™ (QDA™) using a 
trained sensory panel 
2.4.1 Participants 
 
The trained sensory panel was recruited, screened, trained and selected as 
described in earlier sections (see Sections 2.1 – 2.3). The QDA™ trained panel 
consisted of 14 female assessors, aged between 23 and 62, selected and recruited 
from the Burwood area, in Melbourne, Australia 2015 (see Table 2.12 for panel 
demographics). 
 
 
2.4.2 Reimbursement 
 
All panellists were reimbursed for their time, with a Coles Myer Group gift card, 
Visa gift card, or cash reimbursement provided to each participant to the value of 
$20 per hour.  
 
 
2.4.3 Instructions prior to testing 
 
All panellists were instructed to refrain from teeth brushing and eating or drinking, 
aside from water, in the two hours prior to their testing time. They were 
additionally instructed not to wear any cosmetics with a fragrance or to be 
exposed to areas that are associated with strong aromas on the day of testing. 
 
 
2.4.4 Strawberries 
 
Over the 2013 to 2014 season, commercial strawberry cultivars were harvested in 
the early months of the Australian Summer from Golden Vale Strawberries, 
Proprietary Limited, Coldstream, Victoria. The cultivars harvested were the Short-
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Day (SD) F. ananassa cv. Camino Real and cv. Palomar, and the Day-Neutral (DN) 
F. ananassa cv. Albion, cv. Melba, cv. Portola and cv. San Andreas. Strawberries 
were harvested and transported to the CASS laboratory, Deakin University, 
Melbourne, Australia, where they were stored at 4°C for 24-48 hours until testing. 
The sensory panel leader subsequently classified strawberries according to 
maturation level. These were sorted based upon colour and analysis by touch. 
Strawberries that were completely red in colour and exhibiting sensory 
deterioration, such as bruising or water damage, were classed as overripe, and 
subsequently discarded. Strawberries that were not uniform in colour or firm to 
touch were classified as under-ripe, and those strawberries that possessed almost 
complete uniformity of red colour and were not overly firm to touch were deemed 
ripe. Two categories of strawberries were then evaluated, those that were under-
ripe and those that were ripe. Panellists therefore evaluated 12 strawberry 
samples, six cultivars at two maturation stages. 
 
In the 2014 to 2015 season commercial strawberry cultivars were again harvested 
from the Golden Vale Strawberries, Proprietary Limited, Coldstream, Victoria. The 
cultivars harvested were the DN F. ananassa cv. Albion, cv. Melba and cv. San 
Andreas. These cultivars were again pre-sorted according to their maturation level 
as previously described, with only strawberries at a ripe maturation stage 
evaluated. Elite breeding lines were additionally harvested over the 2014 to 2015 
season from the Wandin North research breeding farm, Victoria. The selected elite 
breeding lines harvested were the SD elite lines (EL) 10 004 165 and 10 004 168, 
and the DN EL 06 050 202, 08 029 80, 07 48 190 and 10 057 27. All strawberries 
were transported to the CASS laboratory, Deakin University, Melbourne, Australia, 
where they were stored at 4°C for 24-48 hours until testing. Panellists therefore 
evaluated nine strawberry samples, three commercial cultivars and six elite 
breeding lines. 
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2.4.5 Testing environment 
 
Testing was conducted in the CASS Laboratory at Deakin University, Melbourne, 
Australia, in individual testing booths using Compusense® Cloud (Guelph, ON). The 
testing room was well ventilated and well lit. Strawberries were evaluated in two-
hour sessions under white lights. Due to the effects of fatigue, evaluations were 
limited to eight samples per session. Strawberries were cut in half, and each 
blinded by a three-digit randomised code in 30 mL clear plastic medicine cups. 
Panellists were presented with samples in a randomised order, with triplicate 
assessment performed on each of the samples. Deionised water and Arnott’s 
plain, dry crackers were provided to panellists to cleanse the palette and reduce 
sensory fatigue. Regular ten-minute breaks were also taken to further minimise 
any effects of sensory fatigue. 
 
 
2.4.6 Evaluations 
 
Using the list of descriptors developed by panellists to describe strawberries, 
strawberry samples were each evaluated applying QDA™ techniques. The 
appearance, aroma, taste, texture and aftertaste were evaluated for each of the 
strawberry samples. Each sample was evaluated for individual attributes, and 
subsequently quantified using 15-cm unstructured line scales.  
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2.5 Rapid methods of sensory evaluation 
2.5.1 Participants 
2.5.1.1 Trained sensory panel 
 
The trained sensory panel was recruited, screened, trained and selected 
previously (as described in earlier sections).  
 
 
2.5.1.2 Untrained consumer panel 
 
An untrained consumer panel was recruited from Deakin University, Melbourne, 
Australia, over the 2014-2015 strawberry season. Consumers were invited to 
participate if they were over the age of 18, enjoyed a wide variety of foods and 
were strawberry consumers. They were excluded from participating if they 
smoked, were pregnant or lactating, possessed any food allergies, or if they 
possessed any medical conditions that may alter their ability to taste. One 
hundred and thirty-one untrained strawberry consumers were recruited for the 
consumer sensory descriptive panel (85% female, mean age of 23 ± 5 yrs.). Prior 
to this research, the panel possessed no prior experience in the sensory analysis 
of foods. All 131 consumers participated in Napping and Check-All-That-Apply 
(CATA), however, only a subset of these consumers (103, 83% female, mean age 
of 22 ± 3 yrs.) completed the TDS methodology 2015 (see Table 2.12 for panel 
demographics). Although participation in all three studies increases exposure to 
the product under test, each methodology requires a different set of skills, and 
thus should not result in any learning effects. Studies have traditionally used 20-
50 consumers for Napping (Nestrud & Lawless, 2011), 50-100 consumers for CATA 
(Varela & Ares, 2012) and 10-40 screened assessors for TDS, however, the 
increased numbers will provide more robust data. This research has been 
approved by the Deakin University Human Ethics Advisory Group, Faculty of 
Health (HEAG-H 105_2012). 
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2.5.2 Reimbursement 
 
The untrained consumer panel was not reimbursed for their time. 
 
 
2.5.3 Strawberries 
 
Commercial strawberry cultivars were harvested from Golden Vale Strawberries, 
Proprietary Limited, Coldstream, Victoria. The cultivars harvested were the DN F. 
ananassa cv. Albion, cv. Melba and cv. San Andreas. Strawberries were again pre-
sorted for ripeness, as described in previous sections (see Section 2.4.3), with only 
ripe strawberries included in the Napping and CATA methodologies, and ripe and 
under-ripe strawberries evaluated via TDS. In the Napping and CATA 
methodologies, strawberry cultivars were each provided in blinded duplicates. 
 
 
2.5.4 Testing environment 
 
Testing was conducted in the CASS Laboratory at Deakin University, Melbourne, 
Australia, in individual testing booths using a combination of Compusense® Cloud 
(Guelph, ON) and paper. The testing room was well ventilated and well lit, with 
testing conducted under white lights. Testing took place over two sessions, each 
extending two-hours. For each methodology, strawberry samples were cut in half, 
and placed in 30mL clear plastic medicine cups labelled with a randomised three-
digit code. Panel members were provided with strawberry samples in a 
randomised order. Deionised water was provided to panellists to cleanse the 
palette between samples and reduce sensory fatigue. 
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2.5.5 Napping 
2.5.5.1 Training 
 
Each panel member was initially trained in a two-hour session in the Napping 
methodology. In training, panellists were provided with a blank sheet of paper 
(60x40 cm) and duplicate samples of three brands of milk chocolate (Red Tulip, 
Cadbury and Coles). The chocolate was then tasted, and panellists were instructed 
to separate each of the chocolates on the blank sheet of paper based upon their 
similarities and differences. Panellists were to devise their own criteria to separate 
products in reference to the appearance, aroma, taste, texture and aftertaste of 
the products. They were instructed to consider the holistic differences between 
products. An Ultra-Flash Profiling (UFP) method was incorporated whereby 
panellists used their own language to describe sensory characteristics of each of 
the products, and account for the differences between each of the chocolates on 
the map. 
 
 
2.5.5.2 Evaluation 
 
In the testing session panellists were again provided with a blank sheet of paper 
(60x40 cm) and six strawberry samples (three cultivars in blind duplicate). 
Panellists tasted each of the strawberry samples, and used their own criteria to 
separate these on the sheet of paper according to sensory similarities and 
differences. This included the appearance, aroma, taste, texture and aftertaste of 
the strawberries. Between samples the mouth was rinsed with deionised water to 
avoid any carry over effects. A UFP method was subsequently applied to describe 
the sensory characteristics of each of the strawberry groups on the map, in the 
same way as applied in training, whereby panel members used their own 
descriptive language. 
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2.5.6 Check All That Applies (CATA) 
2.5.6.1 Development of CATA descriptive terms 
 
Existing language from the literature was initially compiled, together with the 
descriptors generated through the development of a descriptive language using 
the trained sensory panel. Seventeen of the most frequently used terms were 
included in the final CATA attribute list (see Table 2.10 for descriptive terms). 
 
 
Table 2.10 CATA descriptors as compiled from the literature and a trained sensory panel (Bursac 
et al., 2007; Du et al., 2011; Gunness et al., 2009; Schulbach et al., 2004). 
Check All That Applies Descriptive Terms 
Apple aroma Earthy flavour Juicy 
Astringent Firm Seedy 
Berry flavour Floral aroma Soft 
Candy flavour Fruity flavour Sour flavour 
Caramel aroma Grape aroma Sweet flavour 
Citrus aroma Green aroma  
 
 
2.5.6.2 Evaluation 
 
Panellists tasted each of the six strawberry samples monadically (three cultivars 
in blind duplicate), and selected all the attributes that described the sample of 
interest. Between samples they rinsed their mouth with deionised water to 
cleanse the palette and avoid any carry over effects.  
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2.5.7 Temporal Dominance of Sensations (TDS) 
2.5.7.1 Pilot testing 
 
Pilot testing was initially conducted by the trained sensory panel to determine the 
time taken after swallowing before all sensory sensations ended. This information 
was used to inform the length of the test. Part of this pilot testing further required 
the panel to evaluate a wide range of strawberries for their sensory profiles. The 
most frequently used terms were compiled to form the TDS attribute list (see 
Table 2.11 for the list of terms). 
 
 
Table 2.11 TDS descriptors with their definitions as devised by a trained sensory panel. 
Attribute  Definition 
Berry  
The aroma associated with a combination of mixed berries (raspberries, 
blackberries, blueberries) 
Fruity  
Sweet, intense aromatic associated with a combination of mixed fruit; 
pineapple, melon, apple, grape 
Green  An unripe aroma characterised by cut grass and unripe or green fruit 
Sour  Taste associated with acid 
Sweet  Taste associated with sugar 
 
 
2.5.7.2 Training 
 
Each panel member was initially trained in a two-hour session in the TDS 
methodology. TDS looks at a single eating event and identifies the dominant 
sensory attribute at any given point in time during the eating process. The 
intensity of each dominant attribute is evaluated from the time sensations began, 
repeatedly, until the sensations end. In training, panellists were either provided 
with cola soft drinks sweetened with sugar (Coca-Cola) and cola soft drinks 
sweetened with artificial sweetener (Coca-Cola Zero), or different flavoured jelly 
beans (Jelly Belly). The TDS methodology was explained to panellists, and they 
were then required to practice these techniques with the cola drinks or jelly 
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beans. Panellists were instructed to place the sample into their mouth and hold it 
until instructed to swallow (after 20 seconds). This technique was practiced to 
ensure the eating event was standardised amongst panellists. As soon as the 
sample was in their mouth, panellists were asked to focus on the dominant 
sensation. They were instructed to ignore any background sensations and 
primarily focus on the one that was the most intense. They were then required to 
take note of the point that the dominant sensation or the intensity of the 
dominant sensation changed. This continued until all aftertaste sensations ended 
upon swallowing the sample. Once confident with selecting the dominant 
sensation, panellists then practiced rating the intensity of the dominant sensation 
using scales. Following this training, panellists practiced these techniques using 
Compusense® Cloud (Guelph, ON). 
 
 
2.5.7.3 Evaluation 
 
In the testing sessions panellists were provided with six strawberry samples (three 
cultivars at two maturation stages) in duplicate. Each of the strawberry samples 
were tasted monadically. The first entire sample was placed into the mouth and 
chewed for 20 seconds. Panellists were then prompted to swallow the sample. 
Upon swallowing the strawberry, the test continued for two minutes. From the 
moment the strawberry was placed into the mouth, the panellist selected the 
dominant attribute and rated the intensity of that attribute on 15-cm 
unstructured line scales anchored by ‘no sensation’ and ‘strong sensation’. Ratings 
continued once the dominant attribute changed. The panellist continued to 
evaluate the intensity of the dominant attribute until all sensations ended or until 
two minutes after swallowing. During the evaluation, all attributes appeared 
simultaneously on the screen for the duration of the analysis. Upon commencing 
the evaluation, the time that each attribute is selected as dominant was recorded 
together with the concurrent recorded intensity. Panellists again rinsed their 
mouths with deionised water between samples to ensure that there was no 
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lingering taste from the previous sample. The process was then repeated for all 
six samples. 
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2.6 Untrained Consumer Liking Panel 
2.6.1 Participants 
 
One hundred and fifty untrained consumers over the age of 18 (72% female, mean 
age of 42 ± 11 yrs.) were recruited from the La Trobe University Community 
Market, Melbourne, Australia, on two separate occasions in December 2014 and 
February 2015 (see Table 2.12 for panel demographics). On each occasion, a stand 
was erected at the Community Market, with flyers distributed to those in 
attendance. Interested consumers approached the stand, with consumers 
recruited on the basis that they were consumers of strawberries (consumed in the 
last week), as identified via screening questions. All consumers provided informed 
consent prior to the commencement of testing. This research has been approved 
by the Human Ethics Advisory Group, Faculty of Health (HEAG-H 105_2012). 
 
 
2.6.2 Reimbursement 
 
The untrained consumer panel was not reimbursed for their time. 
 
 
2.6.3 Strawberries 
 
Commercial strawberry cultivars, DN F. ananassa cv. Albion, cv. Melba and cv. San 
Andreas, were harvested from Golden Vale Strawberries, Proprietary Limited, 
Coldstream, Victoria. Elite breeding lines were additionally harvested from the 
Wandin North research breeding farm, Victoria. Strawberries harvested were the 
SD EL 10 004 165 and 10 004 168, and the DN EL were 06 050 202, 08 029 80, 07 
48 190 and 10 057 27. All strawberries were transported the CASS laboratory, 
Deakin University, Melbourne, Australia, where they were stored at 4°C for 24-48 
hours until testing. Both SD and DN strawberries were evaluated on the first 
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occasion, however, due to strawberry availability, only DN strawberries were 
evaluated on the second occasion. 
 
2.6.4 Evaluations 
 
Evaluations took place at a booth set up at the La Trobe University Community 
Market, Melbourne, Australia, using paper questionnaires. Strawberries were cut 
in half and placed in 30mL clear plastic medicine cups blinded by a three-digit 
randomized code, and subsequently presented to participants in a randomized 
order. Strawberries were evaluated using a horizontal hedonic general labelled 
magnitude scale (HgLMS) (Lim, 2011). Consumers were instructed to rate their 
liking of each of the strawberries on the HgLMS ranging from ‘strongest 
imaginable like’ at 100 to ‘strongest imaginable dislike’ at -100. This scale enables 
product evaluation in the context of all hedonic experiences, thus eliminating any 
ceiling effects that may be observed with the more common 9-point hedonic 
scale. This should therefore be able to better discriminate between similar 
products due to the increased end points of the scale when compared to the more 
traditional 9-point-hedonic scale (Lim, 2011).  
 
 
Table 2.12 A comparison of panel demographics for each study. 
Panel Number of participants Mean age Percentage females 
Trained Panel 14 41 ± 15 100 
Napping Consumer 
Panel 131 23 ± 5 85 
CATA Consumer 
Panel 131 23 ± 5 85 
TDS Consumer Panel 103 22 ± 3 83 
Consumer Liking 
Panel  150 42 ± 11 72 
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2.7 Statistical analysis 
 
The statistical analysis program XLSTAT-Sensory Version 2016.01.26779 
(Addinsoft, New York, NY) was used to analyse all data. 
 
 
2.7.1 Trained panel data 
 
Analysis of variance (ANOVA) was performed on all panel data considering the 
product, assessor, and their interaction as fixed variables. Significant differences 
were established with a post hoc Tukey’s test with differences deemed significant 
when p≤0.05. A correlation principal component analysis (PCA) was subsequently 
applied to the mean panel data scores to illustrate the relationship between 
strawberries and sensory attributes. The PCA was run on the data matrix 
considering the products as individual rows and sensory attributes as individual 
columns.  
 
 
2.7.2 Hedonic data 
 
ANOVA was performed on consumer hedonic data considering cultivar and 
consumer as sources of variance. Mean liking ratings were generated with Tukey’s 
test establishing significant differences in liking when p≤0.05. Hierarchical cluster 
analysis (HCA) with Euclidean distances and Ward’s method was applied to the 
consumer data to identify consumer clusters with preferences in the same 
direction. The HCA was run on the data matrix considering the cultivars as 
individual rows and consumers as individual columns. ANOVA was subsequently 
applied to this data to determine significant differences in liking of the identified 
clusters with a Tukey’s test establishing significant differences when p≤0.05. PCA 
was applied to the mean hedonic ratings of each cluster to confirm consumer 
strawberry preferences according to cluster. 
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2.7.3 Preference mapping 
 
Internal preference mapping (IPM), via a correlation PCA on the individual 
consumer liking scores, represented each consumer as a direction of preference 
(Gámbaro, Ares, Giménez, & Pahor, 2007). The PCA was run on the data matrix 
considering cultivars as individual rows and consumers as individual columns. The 
sensory profiling data was considered as supplementary data, and subsequently 
modelled onto the preference space to identify the attributes associated with 
preferences of each cluster. 
 
A partial least squares (PLS) regression was carried out to identify attributes 
important in driving consumer liking (Janiaski, Pimentel, Cruz, & Prudencio, 2016). 
PLS was run on the mean sensory data (X explanatory variables) and the overall 
mean hedonic ratings (Y dependent variables) (Cadena, Cruz, Faria, & Bolini, 
2012). Attributes were established as important drivers of liking if the variable in 
projection (VIP) was ≥0.8 (Janiaski et al., 2016). External preference mapping 
(EPM) techniques were applied to the first two principal components of the 
sensory data to relate consumer preferences to the perceptual map (Gámbaro et 
al., 2007). To select the best model for EPM, an F-ratio test was applied to the 
mean hedonic ratings of the identified clusters, with a p≤0.05 significance level, 
via PREFMAP “find the best model” (Addinsoft, New York, NY) (Bonany et al., 
2014) The best model was then applied to each cluster to generate preference 
maps and determine the attributes most contributing to liking of different 
consumer groups. Similar EPM techniques were also applied to the CATA data. 
 
 
2.7.4 Napping data 
 
Chi square statistics were applied to the frequency data of the terms describing 
each of the cultivars applied via the Napping methodology. Significant differences 
were established when p<0.1 and was applied by at least 2 assessors (Dehlholm 
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et al., 2012). Napping data was subsequently analysed via a multiple factor 
analysis (MFA), using the x and y coordinates from each of the Napping maps, with 
the descriptors from the UFP as supplementary data, in a similar method as 
described by Louw et al. (2013). Similar terms applied via the Napping with UFP 
methodology were grouped and replaced by a common descriptive term. Given 
that the assessors were instructed to focus on the sensory profile of products and 
ignore liking, attributes indicative of liking were subsequently removed. Terms 
signifying intensity and absent of a sensory parameter, together with those that 
were applied by less than two assessors were additionally removed. The MFA was 
run on the data matrix considering cultivars as individual rows and Napping x and 
y coordinates as individual columns, with the descriptors as supplementary 
columns. 
 
The resampling bootstrap procedure, as described by Cadoret and Husson (2013) 
was subsequently applied to the MFA groups of variables to determine the 
variance in the sample set. The resultant datasets produced allowed the 
subsequent construction of 95% confidence intervals around the product means. 
 
 
2.7.5 CATA data 
 
Frequency scores of CATA attributes that pertained to each sample were 
ascertained via counts of the number of consumers applying an attribute to a 
given sample. Cochran’s Q test was performed on the raw binary CATA data to 
determine significance amongst cultivars for each sensory attribute, when p≤0.05. 
To illustrate the relationship between products and sensory attributes as 
established via CATA, correspondence analysis (CA) was performed on the 
subsequent contingency table produced, considering chi square distances.  
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2.7.6 TDS data 
 
TDS curves were generated for each product. To establish the curves, the 
frequency of dominance of each attribute was ascertained at each time point, 
with the subsequent outputs plotted against time, and smoothed to form TDS 
curves. A chance level and significance level were determined, and subsequently 
plotted on each chart. The point at which the attribute can be considered 
dominant by chance is determined the chance level. This is calculated by a 
dominance rate equal to one divided by the number of attributes. The significance 
level is the minimum level the dominance rate must reach to be considered 
significantly dominant throughout the assessment period. This value is calculated 
using the confidence interval of a binomial proportion based upon a normal 
approximation. 
 
TDS scores were determined by establishing the intensity and duration of each 
attribute for each assessment (Labbe et al., 2009). The average intensity of an 
attribute was calculated over the total period of dominance throughout the 
assessment, as a portion of the total assessment time. This resulted in a TDS score 
for each individual assessment. ANOVA was subsequently performed on all TDS 
scores, with cultivar and assessor as fixed variables. A PCA was applied to the 
mean TDS scores to graphically represent the relationship between strawberry 
cultivar and maturation level. 
 
 
2.7.7 Comparison of rapid methods to descriptive analysis 
 
The output of each methodology was compared to the DA data to produce an 
overall comparative MFA, whereby the RV coefficients of the comparison of 
methodologies were determined. The MFA produced via Napping, the PCA 
produced via CATA and the PCA produced via TDS were therefore compared to 
the PCA produced via DA. 
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To determine the ideal number of consumers applying Napping with UFP required 
to produce comparable product configurations to those produced by both DA and 
Napping with UFP using the trained panel, subsets of the consumer data, varying 
in sample size, were randomly and repeatedly selected. To assess the influence of 
product training on the Napping methodology, subsets of the consumer data, 
equal in sample size to the DA panel, were randomly and repeatedly selected. 
Comparative MFA’s were subsequently performed using the randomly selected 
consumer data to determine the RV coefficients of the comparison between 
methodologies. 
 
Correlation coefficients were established via the comparison between the DA data 
with the CATA frequencies and resultant TDS scores, to establish similarities 
between methodologies.  
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3 Chapter three: Development of a 
strawberry lexicon 
 
*This study has been published in the Journal of Sensory Studies (2018) as 
‘Development of a strawberry lexicon to describe cultivars at two maturation 
stages’. 
 
3.1 Introduction 
 
Strawberries, known for their sweet flavour profiles, are one of the most highly 
consumed berries, in both fresh and processed form. Strawberries (Fragaria), 
belonging to the Rosaceae (Rose) family, have at least 23 different Fragaria 
species that have been identified (Folta & Davis, 2006). The origin of the 
strawberry dates back to the 1500’s with the simple structured Fragaria vesca 
species (Darrow, 1966), before evolving in 18th Century Europe to the modern 
cultivated strawberry most commonly consumed today (Fragaria x ananassa) 
(Hancock & Luby, 1993). Within the F. ananassa species, hundreds of cultivars 
exist (Smith, Skog, & Dale, 2003), with current breeding programs continually 
developing new cultivars worldwide (Hancock et al., 2008). 
 
F. ananassa cultivars can be classified as either Short Day (SD), Day Neutral (DN) 
or Everbearing plants, depending on their flowering response to photoperiod 
(daylight hours) and air temperature (Darrow, 1936). SD strawberries flower when 
daylight hours are short with air temperatures up to 28˚C. DN strawberries flower 
irrespective of daylength in air temperatures up to a critical level of 25˚C, and 
Everbearing strawberries flower when daylight hours are long (Chandler et al., 
2012). SD and DN cultivars are the two commercially grown plant flowering types 
in Australia. In the cooler climate of Victoria, SD plants generally flower in early 
Summer and DN plants flower in late Summer to early Autumn. Current 
commercial SD cultivars grown in Australia include F. ananassa cv. Camino Real 
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and cv. Palomar, whilst some DN cultivars grown in Australia are F. ananassa cv. 
Albion, cv. Melba, cv. Portola and cv. San Andreas. 
 
There is limited research evaluating the sensory characteristics of strawberries 
grown in the cooler climates of Australia. With 38,394 tonnes of strawberries 
produced in Australia in 2014, strawberries have recently increased in importance 
as an Australian commodity. Production rates have escalated by 40% over a ten-
year period (Food and Agriculture Organization of the United Nations, 2017); the 
increase in production suggesting that strawberry consumption is on the rise in 
Australia. Current breeding programs in Australia focus on producing well-liked 
strawberries that meet consumer demands for a flavoursome fruit. To facilitate 
these breeding programs to produce a strawberry expressing the ideal flavours, 
the identification of strawberry flavour attributes is initially required in 
commercially available cultivars so that breeders ensure that newly developed 
cultivars express those flavours. It is therefore important to establish a strawberry 
lexicon relevant to Australian strawberry cultivars, to assist with future breeding 
programs. 
 
Differing environmental conditions affect the combination of chemical 
components, and thus the flavour and quality of strawberry fruit (Davik et al., 
2006; Josuttis et al., 2011; Kruger et al., 2009; Kumar et al., 2011; Menzel, Smith, 
& Moisander, 2014; Samykanno et al., 2013b; Tsormpatsidis et al., 2011). Many of 
the strawberries grown in Australia, have been bred overseas (Horticulture 
Australia Limited, 2012), and thus when grown in a differing climate may result in 
changes to the strawberry. Therefore, strawberries bred internationally and 
grown in Australia may have a modified flavour profile due to adaptations to the 
Australian environment. This has been observed in the Californian-bred 
strawberry, Albion, that has been reported as having a lower sugar/acid ratio 
when grown in Australia, resulting in Australian-grown Albion strawberries having 
a reduced sweet profile (Ornelas-Paz et al., 2013). Strawberry flavour is 
characterised by complex interactions between volatile and non-volatile 
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components, together with the sugars and organic acids (Aubert et al., 2005; 
Azodanlou et al., 2003). It is therefore important to understand the sensory 
characteristics of strawberries grown in Australia, as these have been shown to 
differ to the attributes of the same cultivars grown overseas. 
 
There have been many recorded differences in both sensory and quality 
properties of various cultivars (Du, Whitaker, & Rouseff, 2014; Fernández-Lara et 
al., 2015; Gündüz, 2016; Šamec et al., 2016; Yamamoto et al., 2015). Strawberry 
cultivars vary largely in size and shape, and may be conical, round, square or the 
much sought after heart shape (Yamamoto et al., 2015). When fully ripened, 
berries largely differ in colour, and may range from orange or pink red to a deeper 
red colour (Fernández-Lara et al., 2015; Šamec et al., 2016). These colour 
differences can be attributed to the differences in phenolic compounds amongst 
differing cultivars. Together with differences in colour between cultivars, there are 
additionally recorded differences in the volatile compounds present (Aaby et al., 
2012; Dong et al., 2013; Du et al., 2012; Forney et al., 2000). The difference in 
composition of these compounds determines the characteristic aroma and flavour 
associated with differing cultivars. The flavour of strawberry is commonly 
described as sweet, fruity, green, peach and caramel (Raab et al., 2006), however 
depending on the cultivar, musk and plum attributes have also been noted. Thus, 
with the difference in volatile composition amongst cultivars, the flavour profile 
of strawberries will also differ. 
 
The maturation stage of the strawberry upon harvest further influences the 
sensory properties of the fruit. Strawberries are a non-climacteric fruit and do not 
continue to ripen once harvested from the plant (Perkins-Veazie, Huber, & Brecht, 
1996). Therefore, timing of harvest is crucial to allow for the ideal development of 
volatile and non-volatile components (Nunes, Brecht, Morais, & Sargent, 2006). 
As the strawberry progresses from the green stage to the pink stage of 
development, the sugar content increases and the acidity level steadily declines, 
contributing to increased sweetness and a reduction in sour taste (Kafkas et al., 
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2007; Montero, Mollá, Esteban, & López-Andréu, 1996; Sturm, Koron, & Stampar, 
2003). The volatile components in strawberries contribute to the complex 
strawberry aroma and flavour, and as the strawberry matures, there are distinct 
changes in these constituents (Pérez et al., 1996). Strawberries soften with 
ripening, and therefore the point of harvest is a balance between selecting fruit 
that is firm enough for handling, however mature enough for the ideal flavour 
development (Vandendriessche et al., 2013). 
 
The complex strawberry aroma and flavour comprises of a combination of esters, 
alcohols, furanones, ketones, terpenes, aldehydes and sulfur compounds (Dirinck 
et al., 1981), the combination unique to different cultivars and dependent upon 
maturation stage. Although only accounting for 0.001 to 0.01% of the flesh weight 
of strawberries, the unique combination of these volatiles provides strawberries 
with their characteristic strawberry flavour. Esters, the largest group of volatiles 
in strawberries, contribute to the fruity and floral aroma of strawberries, and 
comprise of between 25 and 90% of the volatile components (Beekwilder et al., 
2004; Jetti et al., 2007; Scheiberle & Hofmann, 1997). The difference in the 
composition of esters between cultivars may therefore contribute to the 
differences noted in aroma and flavour profiles (Dong et al., 2013). Ester 
concentration further varies in strawberries of the same cultivar at different 
maturation stages. As the strawberry continues to ripen, the concentration of 
these ester compounds continually changes, with methyl and ethyl esters the 
most important during the ripening process (Beekwilder et al., 2004; Perez et al., 
1992). 
 
Furanones, commonly documented as some of the most important volatiles in 
strawberry fruit, vary greatly amongst different cultivars (Larsen & Poll, 1992; 
Pérez et al., 1996; Sanz et al., 1994). These compounds contribute to the caramel 
notes evident in strawberry fruit (Larsen & Poll, 1992). The role of aldehydes in 
strawberry fruit may be most important during different maturation stages, 
contributing to the green notes identified in strawberries (Dirinck et al., 1981). 
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Both sulfur compounds and alcohols are present in trace levels in strawberries, 
and may contribute to the rotten or off-odours noted, with an increase in 
concentration evident with maturation and prolonged storage (Dirinck et al., 
1981; Du et al., 2012; Forney et al., 2000; Larsen & Watkins, 1995). Terpenes, 
contributing to the fruity, floral and citrus aroma of strawberry fruit (Azodanlou 
et al., 2003) have been shown to fluctuate depending upon harvest date, with the 
environment potentially influencing their development (Jouquand et al., 2008).   
 
Given the diversity in chemical composition, and subsequently fruit flavour 
according to cultivar, maturation level and climate, it is important to devise a 
descriptive language to distinguish between fruit of different cultivars at various 
stages of ripening. Strawberries have additionally been shown to greatly vary in 
flavour even within a single crop (Watson, Wright, McBurney, Taylor, & Linfort, 
2002). It is therefore important to establish a lexicon that thoroughly addresses 
this variation. Trained panels are one of the most valuable tools in sensory 
evaluation to describe sensory differences between products (Meilgaard et al., 
1999). A trained panel aids in applying sensory methodologies to develop a 
common lexicon to describe a product of interest. When properly trained and 
calibrated to scales, panellists will perform in the same way, evaluating products 
accurately and consistently. 
 
The application of descriptive methods is an important tool within the food 
industry to assist in understanding the differences in sensory profiles of products. 
Trained panels apply descriptive analysis (DA) methods, such as Quantitative 
Descriptive Analysis™ (QDA™), to help guide product development towards 
meeting consumer demands (Lawless & Heymann, 2010). QDA™ was developed 
in the 1970’s (Stone et al., 1974), and is applied to product sets to objectively 
describe the sensory attributes of those products. The training stage requires 
panellists to devise a common descriptive language, and subsequently align on the 
use of scales to quantify each of those attributes (Varela & Ares, 2012). 
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Trained panels have commonly used descriptive methodologies to describe the 
sensory characteristics of strawberries (Ares et al., 2009; Bursac et al., 2007; 
Gunness et al., 2009; Han et al., 2005; Jetti et al., 2007; Péneau et al., 2007; 
Rosenfeld & Nes, 2000; Shamaila et al., 1992; Ulrich et al., 1997; Van der Steen et 
al., 2002). In particular, numerous studies have employed a trained panel to devise 
a strawberry lexicon to understand the sensory differences between cultivars 
(Bursac et al., 2007; Jetti et al., 2007; Péneau et al., 2007; Rosenfeld & Nes, 2000), 
to determine freshness and suitability for processing (Bursac et al., 2007; Péneau 
et al., 2007; Rosenfeld & Nes, 2000), and to categorise strawberries of varying 
maturation levels (Ares et al., 2009). This method is therefore highly relevant in 
understanding the differences in sensory attributes between cultivars at different 
maturation levels in internationally-bred strawberries grown in Australia. 
 
Hence, it was the objective of this research to establish a sensory lexicon to 
describe the differences between strawberries of varying cultivars at different 
maturation levels relevant to Australian strawberry cultivars. Once established, 
this lexicon will assist current breeding programs within Australia to identify 
attributes in newly bred strawberry cultivars that are associated with liking. 
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3.2 Methods 
3.2.1 Samples 
 
Given that SD cultivars are only harvested in the early strawberry season, 
commercial strawberry cultivars (F. ananassa) were harvested in the early months 
of the Australian Summer from Golden Vale Strawberries, Proprietary Limited, 
Coldstream, Victoria. The cultivars harvested were the Californian-bred SD F. 
ananassa cv. Camino Real and cv. Palomar, the Californian-bred DN F. ananassa 
cv. Albion, cv. Portola and cv. San Andreas, and the Melbourne-bred DN F. 
ananassa cv. Melba. Strawberries were harvested the day prior to testing and 
transported to the Centre for Advanced Sensory Science (CASS), Deakin 
University, Melbourne, Australia, where they were stored at 4°C for 24-48 hours. 
The sensory panel leader subsequently classified strawberries into three groups 
according to their maturation level, determined by colour and firmness by touch. 
Strawberries that were not uniform in colour and firm to touch were deemed 
under-ripe. Strawberries with almost complete uniformity of red colour and not 
overly firm to touch were categorised as ripe. Completely red strawberries that 
were exhibiting sensory deterioration such as bruising or water damage were 
classified as overripe, and subsequently discarded. Two categories of strawberries 
were then evaluated, those that were under-ripe and those at the ideal ripening 
stage. 
 
 
3.2.2 Trained sensory panel 
 
Quantitative Descriptive Analysis™ (QDA™) of the appearance, aroma, flavour and 
texture was conducted on the six strawberry cultivars at two maturation levels. 
The panel was trained in techniques consistent with the QDA™ methodology 
(Lawless & Heymann, 2010). A QDA™ trained panel consisting of 14 female 
assessors, aged between 23 and 62 (mean age of 41 ± 15 years), was selected and 
recruited in 2013 from the Burwood area, in Melbourne, Australia. Potential 
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panellists were excluded from participating if they smoked, were pregnant or 
lactating, possessed any food allergies, or if they possessed any medical conditions 
that may alter their ability to taste. Fifty-eight individuals were pre-screened for 
their sensory acuity with 20 selected to progress to panel training. Of the 20 
undertaking training, 14 were selected for the final panel. Panel members were 
screened for sensory acuity and trained in accordance with ISO standards 8586-1 
and 8586-2 (International Organization for Standardization (ISO), 1993, 2008). 
Prior to evaluations, all panellists had a minimum of 40 hours training in the 
descriptive analysis of strawberries. All panellists provided informed consent prior 
to the commencement of testing. The Human Ethics Advisory Group, Faculty of 
Health, Deakin University (HEAG-H 105_2012), approved this research. 
 
Following basic training, panellists were provided with commercially available 
strawberries sourced from local supermarkets and greengrocers, and grown in 
different regions of Australia, to familiarise them with the product variation. They 
were initially required to individually devise a vocabulary to describe the sensory 
properties of the strawberries. Existing language from the literature was 
additionally compiled, together with descriptors that were generated through the 
screening procedure. From here, with guidance from the panel leader, consensus 
was reached on the descriptive terms to describe the sensory attributes of 
strawberries. Similar descriptors were grouped when deemed appropriate, and 
were replaced by a common term to describe the group, with any unnecessary 
terms removed. 
 
Panellists were then calibrated to scales to evaluate each of the attributes. Fifteen 
cm unstructured line scales anchored with ‘not present’ to ‘very strong’ were used 
to evaluate each attribute. Reference standards in the form of products, chemicals 
or ingredients, were then established through panel discussions with guidance 
from the panel leader. Panellists were exposed to the agreed products to use as a 
point of reference when assessing strawberries. To ensure panellists were all 
evaluating strawberries the same way, strawberries were pureed and spiked with 
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the chemical, ingredient or actual product at various concentrations to represent 
each attribute. Panellists were then required to correctly identify each of the 
descriptive terms. To assess whether all panellists were properly calibrated to the 
scales, the spiked samples of each attribute were provided to panellists at various 
intensities. Open discussion with the panel leader then confirmed that panellists 
were rating attributes in the same way. The scores given for the intensities of each 
of the attributes were agreed upon in this discussion. 
 
After the attribute list was established, and panellists were calibrated to scales, 
each panellist was provided with strawberries of various cultivars at different 
ripening levels for training evaluating strawberries. Training on scaling was 
conducted over ten hours, whereby panellists individually assessed strawberries, 
followed by group discussions to ensure panellists were using attributes in the 
same way. Panellists were monitored for their ability to discriminate samples 
across each of the attributes, and to ensure they were scaling in the same 
direction as the panel. Panellists then continued practicing using these terms with 
a range of strawberry cultivars at differing maturation levels. Those who did not 
perform well during these tasks undertook further training in these methods 
(refer to Chapter 2 for further detail on these methods). 
 
 
3.2.3 Evaluations 
 
Panellists were instructed to have refrained from teeth brushing and eating or 
drinking anything, aside from water, in the two hours prior to their testing time. 
They were additionally instructed not to wear any cosmetics with a fragrance, or 
to be exposed to areas associated with strong aromas on the day of testing. 
Testing was conducted in the CASS Laboratory at Deakin University, Melbourne, 
Australia, in individual testing booths using Compusense® Cloud (Guelph, ON). The 
testing room was well ventilated and well lit. Strawberries were evaluated in two-
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hour sessions under white lights. Due to the effects of fatigue, evaluations were 
limited to eight samples per session.  
 
Strawberry samples were cut in half before serving to panellists, and presented at 
room temperature (22°C to 24°C), each blinded by a three-digit randomized code. 
Twelve samples (six strawberries at two ripening stages), were monadically 
presented in triplicate assessment to each panellist in a balanced, randomized 
order. Deionized water was used to rinse the oral cavity between samples, with 
plain, dry crackers additionally provided when required to reduce sensory fatigue. 
Breaks were further offered to panellists to minimize any effects of sensory 
fatigue. Using the list of attributes developed to describe strawberries, the 
appearance, aroma, flavour and texture/mouthfeel of the strawberry samples 
were evaluated using QDA™ techniques. Samples were evaluated for the 
individual attributes and were subsequently quantified using 15-cm intensity 
scales. 
 
 
3.2.4 Statistical analysis 
 
The statistical analysis program XLSTAT-Sensory Version 2016.01.26779 was used 
to analyse the data. Analysis of variance (ANOVA) was performed on all panel data 
considering the cultivar, assessor, and their interaction as fixed variables. 
Significant differences were established with a post hoc Tukey’s test, with 
differences deemed significant when p≤0.05. A principal component analysis 
(PCA) was subsequently applied to the mean panel data scores to illustrate the 
relationship between strawberry cultivar, flowering type, maturation level and 
sensory attributes. 
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3.3 Results 
 
The trained panel developed a lexicon with two appearance, eight aroma, ten 
flavour and five texture/mouthfeel attributes (Table 3.1). Raw panel data was 
checked to ensure panellists were consistently discriminating between samples 
and to ensure that the rank order of each of the samples were demonstrating 
similar patterns between panellists. Panellists were well performing across the 
majority of attributes, with those that were not well performing identified to 
enable correction via group discussions. Figure 3.1 displays the mean flavour 
attributes of Albion, Melba, San Andreas, Portola, Palomar and Camino Real at 
two different maturation levels, as determined by the trained sensory panel. The 
panel significantly discriminated amongst samples for all sensory attributes 
evaluated as established via ANOVA (p<0.001), excluding floral aroma and flavour, 
and fermented flavour. Floral and fermented flavour significantly discriminated 
strawberries at p<0.01 (see Table 3.2 for F values and 3.3 for sample means). 
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Table 3.1 A strawberry lexicon as devised by a trained sensory panel via QDA™ (Oliver et al., 
2018). 
Modality Attribute Definition Product reference 
Appearance 
Red colour The intensity of red colour from light to dark Strawberries varying widely in colour 
Length The length of the strawberry from short to elongated  
Strawberries varying 
widely in size 
Aroma / Flavour 
Berry The aroma associated with a combination of mixed berries 
Combination of mixed 
frozen blueberries, 
raspberries and 
blackberries, thawed 
Caramel The aroma associated with aromatics of cooked sugar syrup Freshly cooked caramel 
Citrus The aroma characterised by sour notes present in lemon and lime 
Combination of cut lemon 
and lime 
Earthy Aromatic associated with dirt or soil, cut tree stump, tree branch or wood Fresh soil, mushroom 
Fermented Sharp, pungent aromatics associated with rotting or fermented fruits Overripe fruit 
Floral Sweet, fragrant aromatic associated with flowers, perfume and potpourri 
Combination of fresh 
flowers 
Fruity 
Sweet, intense aromatic associated with a 
combination of mixed fruit; pineapple, 
melon, apple, grape 
Combination of mixed, cut 
fruit 
Green An unripe aroma characterised by cut grass and unripe or green fruit Cis-3-hexen-1-ol 
Sweet Taste associated with sucrose 24g/L Sucrose solution 
Sour Taste associated with acid 1.2g/L Citric acid solution 
Texture Firmness Degree of firmness, from soft to firm Marshmallow soft to apple firm 
Mouthfeel 
Juiciness Degree of presence of fluid, from low to high A juicy orange 
Fibrous Presence of long, stringy fibres, from low to high Unripe mango 
Gritty 
Degree of grainy, sandy texture, 
characterised by a high presence of seeds, 
from ow to high 
Grainy bread (chia, cape 
seed) 
Astringent 
Feeling in the mouth characterised by 
drying; associated with the presence of 
tannins 
1.0g/L Tannic acid solution 
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Figure 3.1 Spider plots of the aroma and flavour means as established via QDA™ of six strawberry 
cultivars at two maturation stages. a. Albion, b. Melba, c. Portola, d. San Andreas, e. Camino 
Real, f. Palomar. 
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Table 3.2. F values of the sensory attributes determined via ANOVA with the trained sensory panel QDA™ data. 
 Appearance  Aroma        Texture/ Mouthfeel 
Attribute Red colour Length Berry Caramel Citrus Earthy Fermented Floral Fruity Green Firmness Juiciness Grittiness 
F value 88.941*** 59.378*** 14.933*** 7.979*** 10.371*** 3.727*** 3.077*** 2.836 25.554*** 22.605*** 45.181*** 44.818*** 29.560*** 
 Texture/Mouthfeel  Flavour           
Attribute Astringency Fibrousness Sweet Sour Berry Caramel Citrus Earthy Fermented Floral Fruity Green  
F value 271.195*** 204.674*** 18.177*** 25.452*** 12.440*** 8.087*** 27.943*** 2.815*** 3.779** 2.555** 27.144*** 17.743***  
***p<0.0001 
**p<0.01 
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Table 3.3 Least square mean values and standard deviation of the sensory attributes evaluated by the trained sensory panel via QDA™ for six cultivars at two maturation 
levels. 
 Appearance  Aroma        Texture Mouthfeel   
Red colour Length Berry Caramel Citrus Earthy Fermented Floral Fruity Green Firmness Juiciness Grittiness 
Ripe              
Day-Neutral              
Albion 10.1 ± 1.4 abc 5.0 ± 3.2 d 4.8 ± 3.3 abcd 6.9 ± 3.9 a 1.8 ± 1.3 c 0.2 ± 0.8 bc 0.7 ± 1.4 ab 2.5 ± 1.4 a 12.9 ± 5.7 a 1.8 ± 2.2 cd 3.9 ± 2.8 d 9.3 ± 2.2 a 5.4 ± 2.5 c 
Melba 7.1 ± 1.9 de 4.5 ± 2.9 f 2.5 ± 2.6 cde 3.1 ± 3.6 bc 2.4 ± 1.7 c 0.8 ± 1.5 abc 1.3 ± 1.7 ab 0.4 ± 1.1 a 9.3 ± 4.7 abcd 3.6 ± 2.9 cd 4.7 ± 3.0 c 9.1 ± 2.6 ab 5.6 ± 2.5 c 
Portola 10.5 ± 1.2 ab 6.9 ± 0.8 a 7.4 ± 2.8 a 6.9 ± 3.4 a 1.1 ± 1.5 c 0.2 ± 0.3 bc 1.0 ± 1.8 ab 3.1 ± 1.0 a 9.5 ± 3.3 abcd 1.3 ± 0.7 d 4.3 ± 3.2 cd 9.1 ± 2.5 ab 5.5 ± 2.4 c 
San Andreas 9.8 ± 1.9 bc 4.6 ± 2.9 ef 5.1 ± 3.2 abc 4.1 ± 3.6 abc 2.3 ± 1.5 c 1.7 ± 2.5 ab 1.5 ± 1.9 a 3.6 ± 1.4 a 6.5 ± 4.5 bcd 2.6 ± 2.2 cd 4.7 ± 2.6 c 9.0 ± 2.7 ab 6.0 ± 2.1 bc 
Short-Day              
Camino Real 10.9 ± 3.7 a 6.1 ± 2.0 bc 7.5 ± 2.8 a 5.1 ± 3.8 ab 1.6 ± 1.6 c 0.1 ± 0.2 c 0.5 ± 0.4 ab 3.8 ± 1.3 a 10.2 ± 4.3 abc 2.0 ± 1.2 cd 3.7 ± 2.7 d 9.3 ± 2.1 a 5.5 ± 1.9 c 
Palomar 9.3 ± 2.7 c 5.9 ± 1.2 c 5.7 ± 2.3 abc 2.5 ± 1.9 bc 3.0 ± 2.5 abc 0.6 ± 1.2 bc 0.5 ± 0.6 ab 4.5 ± 1.9 a 7.4 ± 3.2 bcd 4.6 ± 2.2 bcd 4.2 ± 3.1 cd 9.3 ± 2.2 a 5.6 ± 3.0 c 
Under-ripe              
Day-Neutral              
Albion 6.3 ± 1.8 f 4.9 ± 3.1 de 2.6 ± 2.7 cde 2.9 ± 2.8 bc 2.8 ± 2.3 bc 0.5 ± 0.9 bc 0.1 ± 0.6 b 2.2 ± 2.0 a 11.3 ± 5.1 ab 4.9 ± 3.7 bc 6.9 ± 2.7 b 8.9 ± 2.3 b 6.6 ± 2.6 ab 
Melba 4.3 ± 1.4 h 4.7 ± 3.0 def 0.2 ± 1.8 e 0.9 ± 3.3 c 5.0 ± 2.9 ab 0.5 ± 1.0 bc 0.6 ± 0.2 ab 1.0 ± 0.7 a 6.7 ± 4.7 bcd 10.7 ± 4.4 a 8.0 ± 2.5 a 9.1 ± 2.7 ab 6.5 ± 2.5 ab 
Portola 5.0 ± 1.7 gh 6.9 ± 1.2 ab 7.2 ± 2.7 ab 3.1 ± 2.9 bc 2.3 ± 2.4 c 0.1 ± 0.1 c 0.1 ± 0.2 b 2.9 ± 1.1 a 11.1 ± 4.1 ab 3.3 ± 1.9 cd 7.5 ± 2.6 ab 8.9 ± 2.1 b 6.5 ± 3.2 ab 
San Andreas 5.5 ± 1.9 fg 4.7 ± 3.0 def 2.0 ± 2.3 de 0.6 ± 2.0 c 2.5 ± 2.0 bc 2.4 ± 1.6 a 0.8 ± 1.7 ab 0.9 ± 1.1 a 5.4 ± 4.6 cd 9.2 ± 4.1 a 7.6 ± 2.3 ab 9.1 ± 2.1 ab 7.0 ± 2.1 a 
Short-Day              
Camino Real 7.7 ± 2.6 d 6.2 ± 1.0 abc 5.0 ± 2.1 abcd 0.6 ± 1.2 c 5.5 ± 2.9 a 0.1 ± 0.1 bc 0.1 ± 0.1 b 2.0 ± 0.9 a 4.8 ± 1.9 d 7.7 ± 3.5 ab 7.0 ± 2.6 b 9.1 ± 2.6 ab 6.6 ± 3.1 ab 
Palomar 6.3 ± 2.8 ef 5.9 ± 1.2 c 4.3 ± 1.7 bcde 1.5 ± 1.8 bc 2.9 ± 2.2 bc 0.2 ± 0.6 bc 0.5 ± 0.3 ab 2.9 ± 1.0 a 5.7 ± 2.2 cd 7.7 ± 3.2 ab 7.3 ± 2.7 b 9.0 ± 2.8 ab 6.6 ± 3.5 ab 
   Flavour           
 Astringency Fibrousness Sweet Sour Berry Caramel Citrus Earthy Fermented Floral Fruity Green  
Ripe              
Day-Neutral              
Albion 1.5 ± 2.1 c 1.2 ± 2.3 b 10.2 ± 3.0 abc 6.7 ± 2.1 bcd 4.8 ± 4.1 abc 2.7 ± 3.2 bc 8.7 ± 3.6 bcd 0.6 ± 1.1 abc 0.2 ± 1.7 b 3.7 ± 1.5 a 12.4 ± 6.6 ab 3.7 ± 3.0 cd  
Melba 1.9 ± 2.5 b 1.2 ± 2.3 b 5.5 ± 2.6 ef 9.0 ± 2.5 ab 3.1 ± 3.3 bc 0.2 ± 2.5 d 9.9 ± 3.4 bc 1.1 ± 1.7 abc 0.3 ± 2.0 b 0.2 ± 0.8 b 7.4 ± 4.7 bc 6.6 ± 3.9 bcd  
Portola 1.8 ± 0.9 b 1.1 ± 1.9 b 13.0 ± 3.3 a 0.6 ± 1.4 g 7.4 ± 3.3 a 6.1 ± 3.7 a 0.9 ± 1.9 g 0.2 ± 0.5 bc 2.7 ± 3.5 a 2.9 ± 1.2 ab 14.3 ± 4.6 a 1.6 ± 2.6 d  
San Andreas 1.9 ± 2.3 b 1.1 ± 1.8 b 9.2 ± 2.5 bcd 6.8 ± 2.5 bc 5.2 ± 3.1 abc 3.0 ± 2.2 bc 6.2 ± 3.4 def 1.5 ± 2.1 ab 1.8 ± 2.3 ab 1.2 ± 0.7 ab 9.7 ± 5.1 abc 4.6 ± 3.9 cd  
Short-Day              
Camino Real 1.7 ± 2.8 bc 1.1 ± 2.2 b 11.8 ± 3.1 ab 2.1 ± 2.0 fg 6.3 ± 2.9 ab 4.0 ± 2.2 ab 1.8 ± 2.4 g 0.5 ± 0.7 abc 1.5 ± 1.7 ab 2.6 ± 1.1 ab 12.4 ± 4.1 ab 2.4 ± 2.6 d  
Palomar 1.6 ± 2.7 bc 1.1 ± 1.6 b 10.2 ± 2.8 abc 2.7 ± 2.5 efg 6.2 ± 3.0 ab 3.4 ± 2.0 bc 1.8 ± 2.3 g 0.4 ± 0.6 abc 1.2 ± 0.9 ab 2.9 ± 1.3 ab 12.5 ± 3.7 ab 5.2 ± 3.7 cd  
Under-ripe              
Day-Neutral              
Albion 1.9 ± 2.6 b 1.3 ± 2.3 ab 6.0 ± 2.0 def 11.5 ± 3.1 a 3.7 ± 2.5 bc 0.4 ± 1.3 cd 12.2 ± 4.7 ab 0.6 ± 0.8 abc 0.4 ± 0.9 b 0.4 ± 0.8 ab 7.5 ± 4.6 bc 7.5 ± 5.0 bc  
Melba 2.5 ± 3.4 a 1.6 ± 2.7 a 2.9 ± 1.6 f 12.6 ± 3.2 a 1.9 ± 2.2 c 0.1 ± 0.7 d 14.9 ± 4.3 ab 0.8 ± 1.8 abc 0.2 ± 1.4 b 0.2 ± 0.6 ab 9.4 ± 5.3 abc 13.7 ± 5.5 a  
Portola 2.5 ± 2.9 a 1.5 ± 1.6 a 7.2 ± 2.1 cde 3.6 ± 2.3 defg 5.6 ± 2.4 ab 1.7 ± 0.9 1.5 bcd 2.9 ± 2.7 g 0.4 ± 0.8 abc 0.8 ± 0.7 ab 0.4 ± 0.3 ab 11.6 ± 3.5 ab 4.5 ± 3.0 cd  
San Andreas 2.3 ± 2.8 a 1.4 ± 2.3 ab 4.5 ± 1.7 ef 10.6 ± 3.1 a 2.3 ± 1.7 c 1.3 ± 1.5 cd 7.5 ± 3.9 cde 1.8 ± 2.7 a 0.8 ± 1.6 ab 0.6 ± 0.4 ab 5.9 ± 3.7 c 10.6 ± 5.4 ab  
Short-Day              
Camino Real 2.3 ± 1.9 a 1.3 ± 2.2 ab 7.7 ± 2.4 cde 4.3 ± 2.3 def 4.1 ± 2.3 abc 1.7 ± 0.8 bcd 4.4 ± 3.0 efg 0.0 ± 0.3 c 1.2 ± 1.2 ab 1.3 ± 0.4 ab 11.2 ± 3.2 ab 4.2 ± 3.2 cd  
Palomar 2.3 ± 2.0 a 1.6 ± 2.0 a 6.7 ± 2.3 de 5.0 ± 2.6 cde 3.5 ± 2.0 bc 2.4 ± 1.6 bcd 3.7 ± 2.7 fg 0.5 ± 0.5 abc 0.8 ± 0.4 ab 1.5 ± 0.4 ab 11.3 ± 3.6 ab 7.8 ± 4.6 bc  
Attributes sharing a letter within the same column are not significantly different at p≤0.05 
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A PCA determined three dimensions that explained 86% of the variance between 
strawberry cultivars at two different maturation levels (Figure 3.2). PC1 separated 
strawberries according to maturation level, explaining 57% of the variance, whilst 
PC2 and PC3 separated strawberries according to flowering type and cultivar, and 
explained 21% and 17% of the variance in sensory attributes respectively. Sweet, 
berry, caramel, floral and fruity attributes, were highly correlated with PC1 in the 
positive direction, these attributes explaining strawberries of a ripe maturation 
stage. PC1 was further correlated with citrus, green and sour flavour attributes in 
the opposing direction, together with firmness, grittiness, astringent and fibrous 
texture attributes. These attributes were associated with under-ripe strawberries. 
PC2 correlated with a more intense red colour and strawberry size, together with 
earthy aroma and flavour, and fermented aroma attributes, and PC3 correlated 
with juiciness. 
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Figure 3.2. Principal component biplot 1 and 2 of the strawberry cultivars and sensory attributes 
of six strawberry cultivars at two maturation stages displaying 78% variance. 
 
  
Figure 3.3. Principal component biplot 2 and 3 of the strawberry cultivars and sensory attributes 
of six strawberry cultivars at two maturation stages displaying 29% variance. 
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3.4 Discussion 
 
In comparison to previously published research applying the QDA™ methodology 
to strawberries, there were similarities across some of the attributes applied, with 
colour, fruity, flowery, greeny, earthy, fermented, sour, sweet, firmness, juiciness 
and fibrous attributes applied in previous research (Bursac et al., 2007; Gunness 
et al., 2009; Rosenfeld & Nes, 2000; Shamaila et al., 1992). However, each lexicon 
was specific to the product set under test, and was developed for the individual 
study outcomes. Therefore, all aforementioned attributes were not applied to 
each research. The attributes unique to the current research using QDA™ 
methodology were citrus, caramel and berry aroma and flavour, and astringency 
and grittiness textural attributes. 
 
 
3.4.1 Maturation level 
 
Given that maturation level explained a large percentage of the variance in the 
sensory characteristics of strawberries, this suggests that the point of harvest 
from the plant is crucial in limiting flavour variation within strawberries of the 
same cultivar. In line with common knowledge, under-ripe strawberries were 
more commonly associated with more intense sour, citrus and green flavour 
attributes. The higher presence of these attributes can be ascribed to a higher 
concentration of acid in under-ripe fruit, in particular citric acid, together with a 
decreased presence of sugars (Mazur et al., 2014; Montero et al., 1996; Ornelas-
Paz et al., 2013; Rahman, Moniruzzaman, Ahmad, Sarker, & Khurshid Alam, 2014; 
Sturm et al., 2003). The sugar-acid ratio is important in determining the perceived 
sweet and sour tastes experienced in strawberries (Mazur et al., 2014; Ornelas-
Paz et al., 2013). This ratio increases with ripening, the increase contributing to a 
more intense sweetness and decreased sourness amongst mature fruit. The 
presence of green notes in under-ripe fruit can be explained by an increase in 
concentration of aldehydes and alcohols. These compounds have been shown to 
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be present in higher concentrations in under-ripe strawberries and decrease with 
maturation (Dirinck et al., 1981; Vandendriessche et al., 2013). 
 
Firm, astringent, fibrous and gritty attributes were further associated with under-
ripe strawberries. The softening of the strawberry with ripening can be explained 
by degradation in the cell wall of the fruit by pectolytic enzymes (Draye & Van 
Cutsem, 2008). With maturation, the cell wall breaks down and the resultant 
strawberry is a softer, smoother texture. Astringency is associated with the 
presence of tannins in fruit, caused by the binding of phenolic compounds to 
proteins in saliva in the oral cavity (Jobstl, O'Connell, Fairclough, & Williamson, 
2004; Kårlund, Hanhineva, Lehtonen, Karjalainen, & Sandell, 2015). With 
maturation, phenolic content is reduced, and therefore the astringency 
experienced will subsequently be lessened as strawberries mature (Teixeira & 
Ferreira, 2003). 
 
The colour of strawberries varied dependent upon maturation level, with an 
increase in colour associated with ripe fruit. This colour variation can be explained 
by the anthocyanin concentration in strawberries increasing as the strawberry 
matures, and resulting in the concurrent advanced colour development (Aaby et 
al 2012). Ripe strawberries were further associated with higher intensities of 
sweet, caramel, floral, fruity, berry and fermented flavour attributes, with a 
subsequent reduction in sourness and green flavour. The association of perceived 
sweetness in strawberries of advanced maturation can be attributed in part to the 
increase in sugars as strawberries ripen. The increase in sugar content in ripened 
strawberry has been suggested as the result of hydrolysis of sucrose to invert 
sugars (Rahman et al., 2014). This increase in sugar is paired with a decrease in 
sourness, attributable to the reduction in organic acids (Kafkas et al., 2007; 
Montero et al., 1996; Sturm et al., 2003). Thus, an increase in sugar content, and 
concurrent reduction in organic acids, should generate an enhanced perception 
of sweetness in ripened strawberry fruit. Enhanced sweet perception can further 
be a result of the increase in relevant volatile components in ripened strawberries. 
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When congruent tastes and aromas are paired, a heightening in the perception of 
the taste is evident (Keast & Breslin, 2003). Thus, when a volatile such as caramel 
is paired with sweet taste in strawberry, the resultant perceived sweet intensity is 
amplified. 
 
In this research, ripe strawberries correlated with a number of sensory attributes 
that can be attributed to the changes in volatile constituents during maturation. 
The development of fruity and floral odours have been documented in ripe 
strawberries to be associated with ester formation (Vandendriessche et al., 2013). 
As strawberries ripen, ester formation occurs so that these volatiles are more 
abundant in ripened strawberry fruit, thus explaining the association with fruity 
and floral attributes with ripened strawberries. Caramel aroma, attributed to the 
furanone content, has been documented as being most affected by strawberry 
cultivar (Larsen & Poll, 1995; Pérez et al., 1996; Sanz et al., 1994), however this 
study identified a strong correlation with caramel attributes and ripened 
strawberry fruit. Research indicates that although the association of furanone 
content with cultivar is strong, these volatiles do increase with ripening (Pérez et 
al., 1996), thus explaining the differences noted in under-ripe and ripe 
strawberries. Fermented flavour is produced as a result of alcohol compounds 
present in strawberry fruit, of which have been reported to develop upon fruit 
ripening (Dirinck et al., 1981; Du et al., 2012; Forney et al., 2000; Larsen & Watkins, 
1995), thus fruit of a ripe maturation stage are expected to possess this attribute 
to a greater degree. 
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3.4.2 Flowering type and cultivar 
 
Although the majority of variation was dependent upon maturation stage of the 
strawberries, cultivar and flowering type additionally play an important role in 
distinguishing strawberries. Strawberries of differing cultivars were able to be 
distinguished by all appearance, aroma and flavour attributes, excluding 
fermented aroma and floral flavour, as well as firmness and astringency. This is 
supported by previous research indicating differences between cultivars in both 
sensory and quality properties (Du et al., 2014; Fernández-Lara et al., 2015; 
Gündüz, 2016; Šamec et al., 2016; Yamamoto et al., 2015). Appearance attributes 
have been previously demonstrated as distinguishing cultivars (Yamamoto et al., 
2015). In addition to this, research indicates that esters, furanones and lactones 
are volatiles that fluctuate in strawberries dependent upon the cultivar (Dong et 
al., 2013; Larsen & Poll, 1995; Latrasse, 1991). These volatiles contribute to the 
fruity, floral and caramel aroma in strawberries (Beekwilder et al., 2004; Jetti et 
al., 2007; Larsen & Poll, 1995; Latrasse, 1991; Scheiberle & Hofmann, 1997). The 
composition of these volatiles therefore account for some of the aroma and 
flavour variance perceived between cultivars. Differences seen by cultivar are 
therefore fundamental in shaping the sensory differences in strawberries. 
 
PC2 and PC3 reveal that strawberries were grouped by both cultivar and flowering 
type, irrespective of maturation stage. This provides clear evidence that cultivar 
and flowering type are important in determining the resultant sensory profile of 
the strawberry. PC3 grouped most cultivars close together, regardless of both 
maturation stage and flowering type. Excluding the Portola cultivar, PC2 separated 
strawberries according to flowering type, indicating the SD strawberries differed 
in sensory profile to DN strawberries. The SD cultivars were characterised by a 
citrus, berry and green aroma, and caramel, berry and fruity flavour. Both figures 
1 and 2 suggest that the DN Portola may be more closely related to the two SD 
cultivars in sensory profile than the other DN cultivars, due to their relative 
positioning to the SD cultivars. The DN cultivars were characterised by a caramel, 
fermented and fruity aroma, an earthy aroma and flavour, and berry, citrus and 
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sour flavour attributes. Given that SD and DN cultivars respond differently to 
period of daylight hours and temperature (Chandler et al., 2012), the differences 
noted between these flowering types suggest that the environment may be a 
potential factor in determining sensory attributes. 
 
In the literature, consumers have indicated preference for strawberries with a 
sweet and complex flavour profile (Jouquand et al., 2008; Schwieterman et al., 
2014), and rejected the notion of a vastly intense sour strawberry. In addition, 
there is evidence to suggest that the appearance of strawberries contribute to 
consumer acceptance or rejection (Ares et al., 2009). However, to date, no 
research has established Australian consumer preferences in strawberries. To 
satisfy consumer needs and assist with future breeding programs, there is a need 
to further understand consumer preferences within Australia. This research 
indicates Portola, Camino Real, Albion and Palomar had the highest mean 
perceived sweet and caramel intensities, with Portola, Camino Real, and Palomar 
significantly less sour than Melba and San Andreas. Based upon published data 
regarding consumer preferences, it would appear logical to develop an Australian 
strawberry cultivar that more closely mimics the flavour profile of Portola, Camino 
Real and Palomar, however does not reflect the flavour profile of Melba and San 
Andreas. Cultivar differences may be important when selecting key flavour 
compounds that are driving liking, to ensure the relevant attributes that are 
correlated with liking are expressed in newly bred cultivars. When interpreting 
these results, it should be noted that the time from harvest until consumption 
may be longer than the time reflected in this research. Therefore, it would be ideal 
to understand how each of the cultivars included in this research change over time 
post-harvest. 
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3.5 Conclusion 
 
Given the majority of variation in the sensory profile of strawberries is dependent 
upon maturation, together with strawberries being unable to continue ripening 
once harvested from the plant, this highlights the crucial nature of harvesting 
strawberries at the ideal ripening stage. This will aid in limiting variation noted 
across strawberries. If future Australian breeding programs were focusing on 
developing new cultivars, it would be ideal to focus on the development of a DN 
cultivar, as these cultivars flower irrespective of daylength, and thus have a longer 
season than SD cultivars. This research has established the DN Portola has a similar 
sensory profile to the SD cultivars, with SD cultivars, together with Portola and 
Albion, possessing higher intensities of characteristics that have been linked to 
consumer liking. It would therefore be ideal to produce an Australian-bred 
strawberry cultivar with a similar sensory profile to the Californian-bred Portola 
or Albion cultivars. 
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4 Chapter four: Identifying key flavours in 
strawberries driving liking 
 
*This study has been published in the Journal of Food Science (2018) as 
‘Identifying key flavors in strawberries driving liking via internal and external 
preference mapping’. 
 
4.1 Introduction 
 
The modern cultivated strawberry (Fragaria x ananassa) is an important food 
commodity, with worldwide production greater than eight million metric tonnes 
(Food and Agriculture Organization of the United Nations, 2017). Its worldwide 
popularity can be attributed to its distinctive sweet flavour profile and floral 
aroma. Currently China is the leading producer of strawberries worldwide, 
followed by the United States of America, Mexico, Turkey and Spain (Food and 
Agriculture Organization of the United Nations, 2017). Australia, although 
increasing in their contribution to worldwide strawberry production, is ranked 26th 
in the world for production. In 2014, Australia contributed 0.47% of strawberries 
to the global supply. The most recent reported data has documented that 24 
tonnes of fresh strawberry crops were imported into Australia in 2013. Strawberry 
production in Australia is however rising, with a 40% increase apparent over the 
ten-year period prior to 2014 (Food and Agriculture Organization of the United 
Nations, 2017). Thus, with an increase in production, strawberry consumption 
rates in Australia are set to rise. 
 
Many of the strawberry cultivars grown in Australia have been bred overseas 
(Horticulture Australia Limited, 2012), and thus when grown in Australia these 
cultivars are experiencing different climatic conditions to those they have been 
bred for. The strawberry must therefore adapt to the environmental differences, 
and in doing so changes to the chemical, and subsequently sensory properties of 
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the strawberry may be apparent. Hence, this may impact the flavour of the 
strawberry, potentially resulting in an inferior tasting strawberry. One such 
cultivar, Albion, a Californian-bred strawberry grown in both California and 
Australia, has been identified as having an altered chemical composition when 
grown in Australia (Ornelas-Paz et al., 2013). The Australian-grown Albion 
possessed a lower sugar/acid ratio to that of the Californian-grown Albion, thus 
the flavour profile of Australian Albion strawberries are of a lower sweetness 
intensity (Ornelas-Paz et al., 2013). The environment is therefore fundamental in 
determining the ultimate chemical composition of each strawberry cultivar. 
Strawberry cultivars not specifically bred for the Australian climate may not 
undergo ideal development of both the volatile and non-volatile components that 
are essential to the flavour of the strawberry. Given the majority of Australian-
grown strawberries are from US breeding stock, it would appear logical to develop 
an Australian cultivar that is well adapted to the Australian climate. 
 
Australian consumers are desiring the development of a more flavoursome 
Australian strawberry cultivar (Horticulture Australia Limited, 2012). Upon 
meeting consumer demands, a more flavoursome, and thus well-liked strawberry 
should generate increased consumption, and hence purchases of Australian 
strawberries. The increase in consumption should therefore satisfy both 
Australian consumers, together with awarding financial benefits to the strawberry 
industry. Consumer satisfaction should lead to an increase in strawberry sales that 
will boost the Australian strawberry industry. Local markets may have the 
opportunity to be further developed if Australian-bred cultivars are equivalent to 
or perhaps superior in flavour to overseas competitors. The escalation in 
Australian production and sales may initiate a reduction in the 24 tonnes of 
strawberries currently imported into Australia, together with an upsurge in the 
Australian contribution to the global strawberry supply. Thus, with development 
of flavoursome and well-liked Australian-bred cultivars, perhaps there is an 
opportunity for Australian breeders to become larger and more significant players 
in the global strawberry production market. 
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Worldwide breeding programs are continually developing new cultivars within the 
F. ananassa species (Hancock et al., 2008), although hundreds of cultivars already 
exist (Smith et al., 2003). The focus of some of these programs appears to be on 
production yield, appearance, tolerance to environmental conditions, resistance 
to disease or pathogens, or post-harvest handling and storage resistance (Aday & 
Caner, 2013; Azodanlou et al., 2003; Horticulture Australia Limited & Strawberry 
Industry Advisory Committee, 2011; Morrison & Herrington, 2002; Whitaker, 
Hasing, Chandler, Plotto, & Baldwin, 2011). Within these breeding programs, 
there is a limited focus on the flavour of the fruit, and thus the breeders may 
unintentionally breed out the components that contribute to the ideal flavour of 
the strawberry. Current breeding programs in Australia focus on producing well-
liked strawberries that meet consumer demands for a flavoursome fruit 
(Horticulture Australia Limited, 2012). To facilitate these breeding programs to 
produce a strawberry expressing the ideal flavours, it is necessary to identify the 
flavours associated with liking in both commercially available and newly 
developed cultivars, so that breeders ensure the continual development of 
cultivars expressing those flavours.  
 
The flavour of strawberry fruit is characterised by complex interactions between 
non-volatile sugars and organic acids, in addition to over 360 volatile components 
(Aubert et al., 2005; Azodanlou et al., 2003). The strawberry flavour profile has 
been described as sweet, fruity, floral, citrus, caramel and green, the combination 
of volatiles largely responsible for these characteristic strawberry attributes. Each 
cultivar is comprised of a unique combination of esters, terpenes, furanones, 
aldehydes, alcohols and sulfur compounds (Dirinck et al., 1981), all of which 
contribute to the variation in flavour and aroma observed between cultivars. 
Comprising of 25 to 90% of the volatile components in strawberries, esters are the 
largest group of volatiles, and have been reported to contribute most to the 
differences noted between cultivars (Beekwilder et al., 2004; Dong et al., 2013; 
Jetti et al., 2007; Scheiberle & Hofmann, 1997). This class of chemicals is largely 
responsible for the fruity and floral aroma of strawberries (Beekwilder et al., 2004; 
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Jetti et al., 2007; Scheiberle & Hofmann, 1997). However, terpenes further 
contribute to the perception of fruity and floral characteristics, together with a 
citrus aroma (Azodanlou et al., 2003). The caramel notes evident in strawberries 
can be attributed to the furanones, of which are commonly documented as 
potentially some of the most important strawberry volatiles (Larsen & Poll, 1992; 
Pérez et al., 1996; Sanz et al., 1994). The green notes present in strawberries are 
due to the role of the aldehydes, whilst sulfur compounds and alcohols may 
contribute to the rotten or off-odour noted in strawberries (Dirinck et al., 1981; 
Du et al., 2012; Forney et al., 2000; Larsen & Watkins, 1995). Given that the 
combination of these constituents differs between cultivars, it is important to 
determine which of these attributes are most driving liking of strawberries.  
 
Previous research has indicated strawberry liking is primarily driven by increased 
sweetness (Ares et al., 2009; Colquhoun et al., 2012; Jouquand et al., 2008; Lado 
et al., 2010; Lado et al., 2012; Schwieterman et al., 2014; Vicente et al., 2014), 
together with a complex and intense strawberry flavour (Ares et al., 2009; 
Colquhoun et al., 2012; Lado et al., 2010; Lado et al., 2012; Schwieterman et al., 
2014). Colour, shape and texture have also been reported as being linked to 
increased strawberry liking (Lado et al., 2010; Lado et al., 2012; Schwieterman et 
al., 2014), with deteriorating attributes increasing strawberry rejection (Ares et 
al., 2009). The notion of sourness contributing to liking of strawberries has drawn 
conflict. In some research sourness has been observed as both a positive and 
negative driver for liking of strawberries (Vicente et al., 2014), whereas other 
research has reported sourness to negatively drive liking (Meyners & Castura, 
2014). Although previous research has linked the aforementioned key attributes 
to strawberry liking, limited research has delved into the complexity of strawberry 
flavour, to determine which attributes are primarily related to an increase in 
consumer liking. Consumer acceptability is an important aspect of product 
research and development, to ensure consumer demands are adhered to (Kemp 
et al., 2009). The application of this research is fundamental to gauge the 
likelihood of a products acceptance or rejection by consumers (Meilgaard et al., 
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1999). Consumers have demanded a more flavoursome Australian strawberry, 
therefore to determine the attributes that are most driving consumer liking, 
consumer acceptability testing needs to be conducted and related to profiling 
information of the sensory attributes of strawberries. 
 
Descriptive analysis (DA) methods, such as Quantitative Descriptive Analysis™ 
(QDA™), are applied to product research to guide the development of products 
toward meeting consumer demands (Lawless & Heymann, 2010). QDA™ was 
developed in the 1970’s (Stone et al., 1974), and is appropriate when an objective 
description of product sensory attributes is required. Panellists are trained in a 
common descriptive language, and calibrated to quantify attributes using scales 
in a uniform manner (Varela & Ares, 2012). QDA™ is commonly used to evaluate 
foods, and has been widely used in recent research evaluating the sensory 
properties of cheese (Torres et al., 2017) and sausages (Braghieri et al., 2016; Dos 
Santos et al., 2015). In addition, QDA™ techniques have been employed in 
numerous strawberry studies, and have successfully discriminated between 
strawberry cultivars (Bursac et al., 2007; Jetti et al., 2007; Péneau et al., 2007; 
Rosenfeld & Nes, 2000). Attributes have explained differences in strawberry 
flavour according to cultivation, maturation level and post-harvest treatment. 
These techniques are therefore extremely relevant to objectively describe and 
quantify flavour attributes of strawberry fruit.  
 
When establishing acceptability of new products, large numbers of consumers are 
required that are representative of the population, as the flavour perceived when 
tasting foods will be unique to each individual (Miller Jr & Reedy Jr, 1990). This will 
verify the likelihood of success of the product when released onto the market. A 
recently adapted and valid consumer acceptability methodology is the hedonic 
general labelled magnitude scale (HgLMS) (Lim, 2011). This scale allows each 
product to be evaluated individually, in relation to all hedonic experiences. Thus, 
the application of this methodology as replacement for use of the traditional 9-
point hedonic scale aims to eliminate any ceiling effects that may accompany the 
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former approach (Kalva, Sims, Puentes, Snyder, & Bartoshuk, 2014). As this 
method considers all hedonic experiences, valid comparisons are hence able to be 
made between differing groups (Kalva et al., 2014). Furthermore, given the added 
points on the HgLMS, liking scores of similar products may be more readily 
discriminated (Lim, 2011). Therefore, when assessing liking of different strawberry 
cultivars amongst a broad range of individuals and across different days, the 
application of the HgLMS is appropriate. 
 
Although consumers have the ability to confidently provide information on their 
likes and dislikes, they may not necessarily be able to accurately verbalise the 
reasons for their preferences. Thus, statistical analysis techniques are commonly 
employed to consumer research to assist in explaining their choices. To ensure an 
accurate understanding of the characteristics linked to consumer acceptance or 
rejection, these methods combine both the descriptive data from a trained panel 
as well as the consumer preference data to establish the characteristics associated 
with liking. When establishing the attributes that are driving the acceptance or 
rejection of a product, it is important to account for differences between 
individual consumers. For this reason, a recent multivariate statistical analysis 
approach has been developed to determine the attributes contributing to 
consumer liking (Guinard et al., 2001). This technique, preference mapping (PM), 
accounts for individual hedonic variation of consumers, rather than focussing on 
mean liking ratings (Guinard et al., 2001). The method then combines this data 
with the descriptive profiles of each of the products under test to establish the 
motives for consumer acceptance or rejection of a product. This is a crucial aspect 
in the development of new strawberry cultivars, to ensure the new cultivars are 
expressing well-liked characteristics. 
 
There are two PM approaches, internal PM (IPM) and external PM (EPM). IPM 
relates sensory profile information to consumer data, whereas EPM relates 
consumer data to sensory profile information (Schlich & McEwan, 1992; Wajrock 
et al., 2008). The combination therefore provides a well-rounded understanding 
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of the attributes driving consumer liking of differing strawberry cultivars. These 
techniques have been recently applied to dulce de leche (Gaze et al.), ice cream 
(Cadena et al., 2012), apples (Bonany et al., 2014), raspberries (Villamor, Daniels, 
Moore, & Ross, 2013), tomatoes (Oltman, Yates, & Drake, 2016; Sinesio et al., 
2010) and strawberry jam (Alves et al., 2008). This technique will therefore be 
instrumental in guiding breeding programs towards the development of a more 
well-liked strawberry. 
 
Therefore, the objective of this research was to apply PM techniques to the 
descriptive profile of commercial and newly bred strawberry cultivars, together 
with the consumer preference data to determine the flavours contributing to 
liking.  
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4.2 Methods 
4.2.1 Samples 
 
Three commercial Day-Neutral (DN) strawberry cultivars (Californian-bred F. 
ananassa cv Albion and cv San Andreas, and Melbourne-bred F. ananassa cv 
Melba) were harvested over the 2014 and 2015 Australian Summer from Golden 
Vale Strawberries, Proprietary Limited, Coldstream, Victoria. Selected elite 
breeding lines, Short-Day (SD) Elite Line (EL) 10 004 165 and 10 004 168, and the 
Day-Neutral (DN) EL 06 050 202, 08 029 80, 07 48 190 and 10 057 27. were 
harvested over the 2014 to 2015 Australian summer from a research breeding 
farm in Wandin North, Melbourne, Australia. Strawberries were harvested the day 
prior to testing and placed into plastic trays within cardboard crates. These crates 
were transported by air-conditioned vehicle in the early morning to the Centre of 
Advanced Sensory Science (CASS), Deakin University, Melbourne, Australia, where 
they were stored at 4 °C until evaluated. Given the variance noted in strawberry 
characteristics according to maturation stage, the strawberries were sorted prior 
to testing. Strawberries that had experienced deterioration via water damage or 
bruising were discarded. Strawberries that were firm to touch and not uniform in 
colour were not included in the analyses as they were deemed under-ripe. The 
strawberries evaluated were those with almost complete uniformity of red colour 
and not overly firm to touch, as these were categorised as being at the ideal 
maturation stage (Ares et al., 2009; Gunness et al., 2009). Panellists were 
presented with room temperature strawberries that were cut in half immediately 
prior to serving. For each sample, panellists were presented with two halves of 
the same strawberry (≈ 20g per serving) in 30mL clear plastic medicine cups, this 
amount in line with previous research (Vicente et al., 2014). Samples were each 
blinded by a three-digit randomised code and presented to panellists in a 
randomised order. 
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4.2.2 Trained sensory panel training 
 
A trained sensory panel used Quantitative Descriptive Analysis™ (QDA™) 
methodology to evaluate the appearance, aroma, taste and texture of the three 
commercial strawberry cultivars and six elite breeding lines. The trained panel was 
selected and recruited in 2013 on the basis of possessing a good sensory acuity, 
being highly motivated and being regular strawberry consumers. Smokers, those 
who were pregnant or lactating, or those possessing any food allergies, or a 
medical condition that alters taste perception were excluded from participating. 
All panel members provided informed consent prior to partaking in this research 
approved by the Deakin University Human Ethics Advisory Group, Faculty of 
Health (HEAG-H 105_2012). Of the 58 potential panellists screened, 20 were 
selected to advance through to the training period. After the training period, 12 
members were selected and continued with panel evaluations. The final panel 
consisted of twelve female assessors aged 23 to 62 years (mean age of 43 ± 15 
years). Prior to evaluations, the panel had an average of 60 hours experience in 
the descriptive analysis of strawberries. 
 
ISO standards 8586-1 and 8586-2 were adhered to for panel screening and training 
(International Organization for Standardization (ISO), 1993, 2008). Panellists were 
initially trained in general sensory techniques. Following basic training, panellists 
were familiarised with the product variation of commercially available 
strawberries on the Australian market. Once they were familiarised with the 
product, they were instructed to individually devise a list of terms that described 
the sensory variation seen between products. Existing language in the literature 
was presented to panellists to aid in language development in describing the 
sensory characteristics of strawberries. With guidance from the panel leader, 
group discussions were subsequently held to reach a consensus on the final 
attribute list. Each attribute was defined, with any unnecessary terms 
subsequently removed, and similar descriptors grouped and substituted with a 
common descriptive term. The final attribute list consisted of two appearance, 
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seven aroma, one texture, four mouthfeel, ten flavour and ten aftertaste 
attributes (see Table 4.1 for the list of sensory attributes) (Oliver et al., 2018).  
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Table 4.1 A strawberry lexicon as developed by the trained sensory panel via QDA™ (Oliver et al., 2018). 
Modality Attribute Definition Product reference 
Appearance 
Red colour The intensity of red colour from light to dark Strawberries varying widely in colour 
Length The length of the strawberry from short to elongated  Strawberries varying widely in size 
Aroma 
Berry The aroma associated with a combination of mixed berries Combination of mixed frozen berries, thawed 
Caramel The aromatics associated with cooked sugar syrup Freshly cooked caramel 
Citrus The aroma characterised by sour notes present in lemon and lime Combination of cut lemon and lime 
Earthy The aromatics associated with dirt or soil Fresh soil, mushroom 
Floral Sweet, fragrant aromatic associated with flowers, perfume and potpourri Combination of fresh flowers 
Fruity Sweet, intense aromatic associated with a combination of mixed fruit; pineapple, melon, apple, grape Combination of mixed, cut fruit 
Green An unripe aroma characterised by cut grass and unripe or green fruit Cis-3-hexen-1-ol 
Texture Firmness Degree of firmness, from soft to firm Marshmallow soft to apple firm 
Mouthfeel 
Juicy Degree of presence of fluid, from low to high A juicy orange 
Fibrous Presence of long, stringy fibres, from low to high Unripe mango 
Gritty Degree of grainy, sandy texture, characterised by a high presence of seeds, from low to high Grainy bread (chia, cape seed) 
Astringent Feeling in the mouth characterised by drying; associated with the presence of tannins 1.0g/L Tannic acid solution 
Flavour 
Berry The flavour associated with a combination of mixed berries Combination of mixed frozen berries, thawed 
Caramel The intensely artificial sweetness associated with aromatics of cooked sugar Freshly cooked caramel 
Citrus The flavour characterised by sour notes present in lemon and lime Combination of cut lemon and lime 
Earthy The flavour associated with dirt or soil Fresh soil, mushroom 
Fermented Sharp, pungent flavour associated with rotting or fermented fruits Overripe fruit 
Floral Sweet, fragrant flavour associated with flowers, perfume and potpourri Combination of fresh flowers 
Fruity Sweet, intense flavour associated with a combination of mixed fruit; pineapple, melon, apple, grape Combination of mixed, cut fruit 
Green An unripe flavour characterised by cut grass and unripe or green fruit Cis-3-hexen-1-ol 
Sweet Taste associated with sucrose 24g/L sucrose solution 
Sour Taste associated with acid 1.2g/L citric acid solution 
Aftertaste 
Berry The aftertaste associated with a combination of mixed berries Combination of mixed frozen berries, thawed 
Caramel The intensely artificial sweetness associated with aftertaste of cooked sugar Freshly cooked caramel 
Citrus The aftertaste characterised by sour notes present in lemon and lime Combination of cut lemon and lime 
Earthy The aftertaste associated with dirt or soil Fresh soil, mushroom 
Fermented Sharp, pungent aftertaste associated with rotting or fermented fruits Overripe fruit 
Floral Sweet, fragrant aftertaste associated with flowers, perfume and potpourri Combination of fresh flowers 
Fruity Sweet, intense aftertaste associated with a combination of mixed fruit; pineapple, melon, apple, grape Combination of mixed, cut fruit 
Green An unripe aftertaste characterised by cut grass and unripe or green fruit Cis-3-hexen-1-ol 
Sweet Aftertaste associated with sucrose 24g/L sucrose solution 
Sour Aftertaste associated with acid 1.2g/L citric acid solution 
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After the list of terms was established, reference standards were ascertained via 
group panel discussions for each attribute in the form of products, chemicals or 
ingredients. These product references were applied to calibrate panellists to the 
scales used for evaluations. Each attribute was evaluated on 15-cm unstructured 
line scales anchored by ‘not present’ (0) to ‘very strong’ (15) (Meilgaard et al., 
1999). When calibrating panellists to scales, strawberries were pureed and spiked 
with the product references to represent each of the aroma, flavour and aftertaste 
attributes at varying concentrations (Table 4.2). Panellists were exposed to each 
of the product references to ensure a common understanding of each of the 
attributes. They were then required to correctly identify each of the attributes, 
and use scales to quantify the intensity. Open discussion to reach agreement 
regarding the scores for each of the attributes with the panel leader assessed 
whether panellists were rating each attribute in the same way. Panellists were 
then provided with strawberries of various cultivars to practice using the terms 
and scales. Any panel member that did not perform well during these tasks 
undertook further training in these methods to ensure consistency amongst 
panellists (refer to Chapter 2 for further detail on these methods). 
 
 
Table 4.2 Aroma, flavour and aftertaste descriptors and the relative amounts of reference 
product added to 200g pureed strawberries for training on calibration to scales. 
Attribute Product reference Amount added 
Berry 
Combination of mixed frozen 
berries (raspberries, 
blackberries, blueberries), 
thawed 
10g 20g 30g 40g 
Caramel Freshly cooked caramel 10g 20g 30g 40g 
Citrus Fresh lemon and lime 10mL 20mL 30mL 40mL 
Earthy Mushroom 10g 20g 30g 40g 
Fruity 
Combination of mixed, cut fruit 
(pineapple, melon, apple, 
grape) 
10g 20g 30g 40g 
Green Cis-5-hexanal 5mL 10mL 15mL 20mL 
Sweet Sucrose 5g 10g 15g 20g 
Sour Citric acid 5g 10g 15g 20g 
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4.2.3 Trained sensory panel evaluations 
 
Evaluations were conducted in two-hour sessions using Compusense® Cloud 
(Guelph, ON) at CASS, Deakin University, Melbourne, Australia. Strawberries were 
evaluated in individual testing booths under white lights in ambient and well-
ventilated conditions. In the two hours prior to evaluations, panellists were 
instructed to have refrained from teeth brushing, eating and drinking, aside from 
water, as well as avoiding exposure to cosmetics or areas with a strong fragrance 
on the testing day. As all strawberry cultivars were not able to be evaluated in 
each session due to sensory fatigue, strawberries were evaluated over a number 
of sessions in triplicate assessment.  
 
Panellists were additionally provided with deionised water and Arnott’s plain, dry 
crackers, as well as regular breaks to cleanse the palate between samples and 
minimise the effects of sensory fatigue. Using the QDA™ techniques acquired 
during training, panellists evaluated each strawberry using the list of attributes 
devised that covered the sensory variation observed between strawberries. Each 
of the appearance, aroma, taste, texture and aftertaste attributes were evaluated, 
and subsequently quantified using 15-cm intensity scales. 
4.2.4 Consumer panel 
 
One hundred and fifty untrained consumers over the age of 18 (72% female, mean 
age of 42 ± 11 yrs.) were recruited at the La Trobe University Community Market, 
Melbourne, Australia, on two separate occasions in December 2014 and February 
2015. On each occasion, a stand was erected at the Community Market, with flyers 
distributed to those in attendance. Interested consumers approached the stand, 
with consumers recruited on the basis that they were consumers of strawberries 
(consumed in the last week), as identified via screening questions. Informed 
consent was provided prior to the commencement of testing with no incentive 
provided to the consumer panel for their time. Both SD and DN strawberries were 
evaluated at the first-time point, however due to strawberry availability, only DN 
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strawberries were evaluated at the second-time point. Evaluations took place at 
a booth set up at the Community Market using paper questionnaires. Strawberries 
were evaluated using a hedonic general labelled magnitude scale (HgLMS) (Lim, 
2011). Consumers were instructed to rate their liking of each of the strawberries 
on a horizontal HgLMS ranging from ‘strongest imaginable like’ at 100 to 
‘strongest imaginable dislike’ at -100 (Lim, 2011). 
 
 
4.2.5 Statistical analysis 
 
The statistical analysis program XLSTAT-Sensory Version 2016.01.26779 
(Addinsoft, New York, NY) was used to analyse the data. Considering cultivar, 
assessor, and their interaction as fixed variables, an analysis of variance (ANOVA) 
was performed on the sensory profile data. A post hoc Tukey’s test established 
significant differences when p≤0.05. A correlation PCA was subsequently applied 
to the significantly applied mean panel data scores to illustrate the relationship 
between strawberry cultivar and sensory attributes. The PCA was run on the data 
matrix considering the nine cultivars as individual rows and 29 sensory attributes 
as individual columns.  
 
ANOVA was performed on consumer hedonic data considering cultivar and 
consumer as sources of variance. Mean liking ratings were established with 
Tukey’s test establishing significant differences in liking when p≤0.05. Hierarchical 
cluster analysis (HCA) with Euclidean distances and Ward’s method was applied to 
the consumer data to identify consumer clusters with preferences in the same 
direction. The HCA was run on the data matrix considering the nine cultivars as 
individual rows and 150 consumers as individual columns. ANOVA was 
subsequently applied to this data to determine significant differences in liking of 
the identified clusters, with a Tukey’s test establishing significant differences 
when p≤0.05. PCA was subsequently applied to the mean hedonic ratings of each 
cluster to confirm consumer strawberry preferences according to cluster. IPM 
Chapter four: Identifying key flavours in strawberries driving liking 
 
 
105 
 
then represented each consumer as a direction of preference, via a correlation 
PCA on the individual consumer liking scores (Gámbaro et al., 2007). The PCA was 
run on the data matrix considering the nine cultivars as individual rows and 150 
consumers as individual columns. The sensory profiling data was considered as 
supplementary data, and subsequently modelled onto the preference space to 
identify the attributes associated with preferences of each cluster. 
 
Partial least squares (PLS) regression analysis was initially carried out to identify 
attributes important in driving consumer liking (Janiaski et al., 2016). PLS was run 
on the mean sensory data (X explanatory variables) and the overall mean hedonic 
ratings (Y dependent variables) (Cadena et al., 2012). Attributes were established 
as important drivers of liking if the variable in projection (VIP) was ≥0.8 (Janiaski 
et al., 2016). EPM techniques were applied to the first two principal components 
of the sensory data to relate consumer preferences to the perceptual map 
(Gámbaro et al., 2007). To select the best model for EPM, an F-ratio test was 
applied to the mean hedonic ratings of the identified clusters, with a p≤0.05 
significance level, via PREFMAP “find the best model” (Addinsoft, New York, NY) 
(Bonany et al., 2014) The best model was then applied to each cluster to generate 
preference maps and determine the attributes most contributing to liking of 
different consumer groups. 
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4.3 Results 
4.3.1 Trained sensory panel 
 
Raw panel data was checked to ensure panellists were consistently discriminating 
between samples and to ensure that the rank order of each of the samples were 
demonstrating similar patterns between panellists. Panellists were well 
performing across the majority of attributes, with those that were not well 
performing identified to enable correction via group discussions. 
 
 
Table 4.3 Mean values of the sensory attributes evaluated by the trained sensory panel via 
QDA™ for three commercial cultivars and six elite breeding lines. 
Modality Attribute Albion Melba San Andreas 27 80 190 202 165 168 
Appearance 
Red colour  10.74 ab 9.24 cd 10.17 b 10.24 ab 10.55 ab 8.86 d 9.95 bc 11.19 a 9.80 bcd 
Length 7.96 a 7.75 a 7.62 a 6.47 bc 6.93 b 6.77 bc 7.76 a 6.37 bc 6.22 c 
Aroma 
Berry 2.62 ab 2.11 b 2.85 ab 3.70 a 3.18 a 2.91 ab 1.94 b 2.55 ab 3.38 a 
Caramel 1.48 bc 0.70 c 1.87 b 2.97 a 1.29 bc 1.38 bc 0.85 c 1.60 bc 1.53 bc 
Citrus 0.56 a 0.62 a 0.35 a 0.60 a 0.67 a 0.44 a 0.63 a 0.84 a 0.65 a 
Earthy 0.55 ab 0.62 ab 1.06 a 0.72 ab 0.45 b 0.74 ab 0.64 ab 0.62 ab 1.03 ab 
Floral 1.17 a 0.69 ab 0.79 ab 0.92 ab 0.86 ab 0.71 ab 0.43 b 0.93 ab 0.63 ab 
Fruity 3.15 ab 2.85 ab 2.58 b 4.0 a 3.42 ab 3.08 ab 2.92 ab 2.83 ab 3.25 ab 
Green 2.82 ab 3.52 a 3.09 ab 1.47 c 2.64 abc 2.37 bc 3.47 a 2.50 abc 2.27 bc 
Mouthfeel 
Fibrous 1.64 a 1.53 a 1.74 a 1.58 a 1.33 a 1.53 a 1.65 a 1.73 a 1.68 a 
Astringent 1.92 ab 2.11 a 2.11 a 0.76 c 1.34 bc 1.04 c 1.15 c 1.57 abc 1.27 bc 
Firmness 6.41 ab 5.78 abc 6.87 a 4.92 cd 4.19 d 5.71 abc 5.54 bc 5.59 bc 5.24 bcd 
Juiciness 6.24 bc 6.61 b 5.69 c 5.39 c 7.70 a 6.73 b 6.93 ab 5.81 bc 6.78 ab 
Grittiness 7.43 ab 7.62 a 7.77 a 6.53 bcd 5.89 d 6.34 cd 6.74 abcd 6.76 abcd 6.98 abc 
Flavour 
Sweet 4.31 de 3.28 e 3.22 e 7.89 a 7.07 ab 6.95 ab 6.04 bc 5.28 cd 5.79 bcd 
Sour 4.99 bc 6.80 a 6.23 ab 1.73 f 3.50 de 2.69 ef 2.52 ef 4.27 cd 3.13 def 
Berry 3.14 b 2.93 b 2.60 b 5.42 a 4.70 a 4.63 a 3.55 b 3.00 b 3.43 b 
Caramel 0.67 bc 0.65 bc 0.42 c 2.41 a 1.97 a 2.46 a 1.10 bc 1.51 abc 1.70 ab 
Citrus 2.32 ab 2.63 a 2.88 a 0.75 c 1.39 c 1.41 c 1.10 c 1.86 abc 1.47 bc 
Earthy 0.31 a 0.67 a 0.79 a 0.45 a 0.56 a 0.46 a 0.65 a 0.79 a 0.31 a 
Fermented 0.12 b 0.76 a 0.58 ab 0.38 ab 0.35 ab 0.42 ab 0.50 ab 0.51 ab 0.40 ab 
Floral 0.19 b 0.09 b 0.02 b 0.57 ab 0.41 ab 0.74 a 0.46 ab 0.24 ab 0.53 ab 
Fruity 2.028 b 2.227 b 2.329 b 3.557 a 3.421 a 3.627 a 3.654 a 3.008 ab 3.345 ab 
Green 2.81 ab 3.55 a 3.17 a 1.53 c 1.49 c 1.68 bc 2.51 abc 2.99 a 2.55 abc 
Aftertaste 
Sweet 0.65 d 0.42 d 0.38 d 2.42 a 1.29 bc 1.77 ab 1.33 bc 0.99 cd 0.88 cd 
Sour 1.53 ab 1.90 a 1.51 ab 0.42 c 0.84 c 0.47 c 0.46 c 0.92 bc 0.41 c 
Berry 0.48 b 0.33 b 0.26 b 1.17 a 1.00 a 1.10 a 0.68 ab 0.70 ab 0.58 ab 
Caramel 0.10 bc 0.04 c 0.06 c 0.72 a 0.45 ab 0.60 a 0.25 bc 0.30 abc 0.15 bc 
Citrus 0.97 ab 1.07 a 0.99 ab 0.26 c 0.40 c 0.45 c 0.23 c 0.60 abc 0.50 bc 
Earthy 0.35 a 0.65 a 0.68 a 0.91 a 0.62 a 0.48 a 0.41 a 0.72 a 0.66 a 
Fermented 0.13 a 0.37 a 0.29 a 0.11 a 0.14 a 0.27 a 0.20 a 0.18 a 0.09 a 
Floral 0.03 b 0.02 b 0.03 b 0.24 a 0.08 b 0.13 ab 0.11 ab 0.02 b 0.13 ab 
Fruity 0.71 abc 0.37 c 0.57 bc 1.11 a 0.98 ab 1.04 a 1.19 a 0.67 abc 0.75 abc 
Green 0.63 ab 0.56 ab 0.73 a 0.28 bc 0.22 c 0.30 bc 0.60 ab 0.58 ab 0.38 abc 
Attributes sharing a letter within the same column are not significantly different at p<0.05 
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Table 4.4 F values of the sensory attributes determined via ANOVA with the trained sensory panel QDA™ data. 
 Appearance  Aroma       Texture Mouthfeel    
Attribute Colour intensity Length Berry Caramel Citrus Earthy Floral Fruity Green Firmness Fibrous Astringent Juiciness Grittiness 
F value 13.450*** 19.661*** 4.541*** 8.496*** 1.394 1.993* 2.085* 2.234* 6.367*** 10.303*** 1.179 13.042*** 9.287*** 9.826*** 
 Flavour              
Attribute Sweet Sour Berry Caramel Citrus Earthy Fermented Floral Fruity  Green    
F value 31.581*** 37.368*** 12.241*** 13.228*** 12.742*** 1.579 1.818 4.947*** 7.415***  9.834***    
 Aftertaste              
Attribute Sweet Sour Berry Caramel Citrus Earthy Fermented Floral Fruity  Green    
F value 21.759*** 17.379*** 9.098*** 8.803*** 12.051*** 1.914 1.989* 4.133*** 6.214***  4.819***    
***p<0.0001 
*p<0.05 
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The trained panel discriminated between strawberry cultivars for most sensory 
attributes evaluated (Table 4.3 and Table 4.4). The trained panel data was, 
however, unable to discriminate strawberries by citrus aroma, earthy flavour and 
aftertaste, fermented flavour and fibrous texture. 
 
The commercial cultivars differed in appearance to the elite breeding lines, all 
significantly longer (p<0.05), with the exception of EL 202. Although all darker in 
red colour, EL 80 and Melba were significantly lighter (p<0.05) than the other 
commercial cultivars, as well as EL 165 and 27. EL 190 and 27 were the softest 
cultivars, significantly softer (p<0.05) than Albion and San Andreas, the firmest 
cultivars. EL 190 and 80 were significantly lower in grittiness (p<0.05) than the 
three commercial cultivars, with EL 190 also high in juiciness. Although all low in 
astringency, Melba and San Andreas were significantly higher (p<0.05) than all 
elite breeding lines, with the exception of EL 165. Sweet, berry, caramel and fruity 
flavour characterised EL 190, 80 and 27, with EL 202 also characterised by sweet 
and fruity flavour. These cultivars were all significantly higher (p<0.05) than the 
commercial cultivars in these attributes. EL 27 was characterised by a caramel 
aroma, significantly higher (p<0.05) than all cultivars in this attribute. The 
commercial cultivars were all characterised by sour and citrus flavour and 
aftertaste, significantly higher (p<0.05) than all elite breeding lines in these 
attributes, with the exception of EL 165 in sourness, and EL 165 and 168 in citrus.  
 
PCA was applied to the mean values of significantly significant attributes, thus only 
28 of the 34 attributes were included in the analysis. The first five principal 
components were considered due to their relative eigenvalues >1 according to the 
Kaiser criterion (Janiaski et al., 2016). A total of 93.7% variance was explained in 
the first five components with PC1 and PC2 accounting for 76.2% of the variance 
noted between strawberry cultivars. PC1 accounted for 62.2% of the total 
variance, explained by sweetness, caramel, floral, berry and fruity flavour 
attributes. EL 190, 80 and 27 were highly correlated with PC1 in the positive 
direction. Conversely, the flavour attributes sour, citrus and green, as well as 
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astringency, firmness and grittiness, correlated well with PC1 in the opposing 
direction. The commercial cultivars, Albion, Melba and San Andreas, were highly 
correlated with this component in the negative direction. PC2 explained 14.0% of 
the cultivar variance and correlated with caramel aroma and earthy aftertaste in 
the positive direction, with juiciness highly correlated in the opposing direction. 
EL 202 was highly correlated with this component in the negative direction. PC 3, 
4 and 5 (not visually depicted) accounted for 8.1, 5.2 and 4.3% variance 
respectively, with PC3 explaining floral and earthy aroma, of which EL 168 was 
highly correlated, and PC 4 and 5 explaining appearance attributes, with EL 165 
correlating with PC5. 
 
 
4.3.2 Consumer panel 
 
 
 
*Strawberries sharing a letter are not significantly different at p<0.05 
 
 
Figure 4.1. Consumer mean hedonic ratings of three commercial strawberry cultivars and six elite 
lines grown in Victoria, Australia. 
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There were significant differences in hedonic ratings of the six EL and three 
commercial strawberry cultivars, F(8,714) = 11.5, p = 0.0001 (Figure 4.1). Cultivars 
ranged in liking from -8.0 to 36.4 on a HgLMS scale from -100 to 100. The six EL 
had higher mean liking ratings than the three commercially available strawberry 
cultivars. EL 27 was liked significantly more than all three commercially available 
cultivars tested, with EL 168 and 190 significantly preferred over San Andreas and 
Melba. The Melbourne-bred commercial strawberry cultivar, Melba was liked 
significantly less than all other strawberries with exception of the San Andreas 
cultivar.  
 
 
Figure 4.2. Consumer clusters identified via HCA for liking of the three commercial strawberry 
cultivars and six elite lines grown in Victoria, Australia. 
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Three consumer clusters were identified via HCL (Figure 4.2). Cluster 1 consisted 
of 15 consumers (10%), cluster 2, 63 consumers (42%) and cluster 3, 71 consumers 
(47%). There were significant differences in hedonic ratings between clusters, of 
strawberries 168, 80, 165, 202, Albion and San Andreas (Table 4.5). 
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Table 4.5 F values of the hedonic ratings of the three identified consumer clusters determined 
via ANOVA with the consumer panel liking data. 
Strawberry Albion Melba 
San 
Andreas 165 168 202 80 190 27 
F value 24.128*** 0.561 15.329*** 10.104*** 4.777* 3.783* 8.873*** 2.725 2.794 
 
***p<0.0001 
*p<0.05 
 
 
 
 
***p<0.0001 
*p<0.05 
 
Figure 4.3. Means of hedonic ratings of the three commercial strawberry cultivars and six elite 
lines for each of the three identified consumer clusters. 
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Cluster 1, the smallest cluster, had a significantly higher hedonic mean rating for 
the commercial San Andreas cultivar than both cluster 2 and 3 (p<0.0001), and a 
significantly lower mean rating for EL 80 (p<0.0001). Cluster 2 had a significantly 
higher mean rating for the commercial Albion cultivar (p<0.0001), and a 
significantly lower mean rating for EL 202 (p<0.05). Cluster 3, the largest cluster, 
had significantly higher hedonic mean ratings for EL 165 (p<0.0001) and 168 
(p<0.05). All clusters had high mean ratings for EL 27 and low mean ratings for the 
commercial cultivar, Melba, with no significant differences in mean hedonic 
ratings between clusters (see Figure 4.3 for cluster means). 
 
 
Cluster 1  Cluster 2  Cluster 3 
 
Figure 4.4. Principal components 1 and 2 of the individual consumer liking ratings (coded by 
cluster) of the three commercial strawberry cultivars and six elite lines for each of the consumers 
displaying 43% of the total variance. 
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Figure 4.5. Principal components 1 and 2 of the mean consumer liking ratings of the three 
commercial strawberry cultivars and six elite lines for each of the three identified clusters 
displaying 79% of the total variance. 
 
 
Figure 4.4 displays the spread of consumers in each cluster. A PCA confirmed the 
association of cluster 1 with San Andreas, and cluster 2 with Albion (Figure 4.5). 
Cluster 3 had the highest mean hedonic ratings of 27, 168, 80 and 190, and were 
therefore most explained by this cluster. 
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4.3.3 Preference mapping 
 
Internal preference mapping 
 
An internal preference map identified attributes most driving liking of each 
consumer cluster identified (Figure 4.6). The individual consumers are projected 
onto a sensory space, each coded by cluster, followed by the sensory profiling data 
being fitted onto the map produced. This map explained 49.9% of the variance 
within consumers. To satisfy the first cluster (10% of consumers), as predicted by 
the IPM model, strawberries with an earthy aroma and aftertaste, citrus and sour 
flavour, green aftertaste, and firm and gritty texture would meet the needs of this 
consumer group, with the highest liking score for the San Andreas cultivar. This 
group of consumers had the lowest preference for the Albion strawberries. The 
second identified cluster (42% of consumers) had the highest preference for the 
Albion cultivar, and would be satisfied by strawberries with a floral aroma. This 
cluster had a low preference for San Andreas strawberries. The third and largest 
cluster (47% of consumers) would be satisfied by strawberries with sweet and 
caramel flavour, and berry aftertaste, of which EL 165 and 190 were in the 
direction of liking for this cluster. Similarly to cluster two, this group of consumers 
had low preference for the San Andreas cultivar, however in addition, IPM 
identified a low preference for the Albion cultivar within this cluster. 
 
  
Chapter four: Identifying key flavours in strawberries driving liking 
 
 
116 
 
 
 
 
 
 
 
 
Strawberries          Sensory attributes          Cluster 1          Cluster 2          Cluster 3 
 
 
Figure 4.6. Internal preference map displaying direction of preference of individual consumers 
(coded by cluster) displaying 50% of the total variance, overlaid by the sensory profile data 
established via the trained sensory panel via QDA™. 
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External preference mapping 
 
PLS was initially applied to determine the sensory attributes relevant in explaining 
consumer liking (Janiaski et al., 2016). The model explained 83% of the mean liking 
(Y values) and 62% of the mean sensory attributes (X values), with a cumulative 
Q2 of 0.76. Attributes with a VIP < 0.8 were deemed not good predictors of overall 
consumer liking, thus red colour, firmness, juiciness, earthy aroma and aftertaste, 
and floral aroma were not considered as explaining overall consumer liking. 
 
An external preference map, applied to PC1 and PC2, considered the preferences 
of all consumers via the best model fitted to each consumer (vector, circular, 
elliptical, quadratic). EPM, accounting for 76.2% of the variance in sensory 
attributes, identified EL 168 and 27 as the strawberries that would satisfy the 
highest percentage of the population assessed, satisfying between 60 and 70% of 
consumers (Figure 4). Consumer preference of strawberries was associated with 
fruity aroma, sweet flavour and aftertaste, caramel flavour and aftertaste, berry 
flavour and aftertaste, and floral aftertaste. Sour, citrus and green flavour and 
aftertaste, as well as astringent and gritty textural attributes were associated with 
a decrease in liking.  
 
For each cluster, the EPM model selected was determined via the F-ratio test 
applied to the mean hedonic ratings of each cluster, with a p≤0.05 significance 
level (Bonany et al., 2014). Cluster one and two were fitted by a vector model, and 
cluster three was fitted by a circular model. A vector EPM of the first cluster 
identified preference for strawberries to be associated with citrus, sour and green 
flavour and aftertaste, floral and earthy aroma, gritty, firm and astringent texture, 
and red colour (Figure 4.8). Between 80 and 100% of consumers, within cluster 
one, were established as being satisfied with one of the commercial cultivars. A 
vector EPM of the second cluster identified a preference for strawberries with a 
floral and earthy aroma, as well as red colour intensity (Figure 4.9). The EPM, 
however, did not give a clear indication of the cultivar that would best appeal to 
this cluster. The circular EPM applied to cluster three was unable to explain the 
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90% - 100%
80% - 90%
70% - 80%
60% - 70%
50% - 60%
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0% - 10%
attributes linked to liking, thus, a reverse regression predicted a strawberry high 
in sweet, caramel and fruity, and low in sour, citrus and green to be the ideal 
flavour profile for this cluster based upon the circular model. (Figure 4.10). EL 168 
and 80 were identified as satisfying between 90 and 100% of consumers within 
this cluster. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Percentages represent regions whereby the given percentage of consumers have a preference 
above the mean.  
 
Figure 4.7. External preference map of sensory profiling data established via the trained sensory 
panel applying the QDA™ methodology, 76% of the total variance overlaid by individual 
consumer liking data via all the fitted models (Vector, Circular, Elliptical, Quadratic). 
Albion
Melba
San Andreas
EL 165 EL 168
EL 202
EL 190
EL 80
EL 27
Red colour
Length
Berry Aroma
Earthy Aroma
Floral Aroma
Fruity Aroma
Green Aroma
Sweet Flavour
Sour Flavour
Berry Flavour
Caramel Flavour
Citrus Flavour
Floral Flavour
Fruity Flavour
Green Flavour
Astringent
Firmness
Juiciness
Grittiness
Sweet Aftertaste
Sour Aftertaste
Berry Aftertaste
Caramel Aftertaste
Citrus Aftertaste
Earthy Aftertaste
Floral Aftertaste
Fruity Aftertaste
Green Aftertaste
-10
-5
0
5
10
-10 -5 0 5 10
PC
2 
(1
4.
0 
%
)
PC1 (62.2 %)
Chapter four: Identifying key flavours in strawberries driving liking 
 
 
119 
 
80% - 100%
60% - 80%
40% - 60%
20% - 40%
0% - 20%
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Percentages represent regions whereby the given percentage of consumers have a preference 
above the mean.  
 
 
Figure 4.8 External preference map of sensory profiling data established via the trained sensory 
panel applying the QDA™ methodology, displaying 76% of the total variance, and overlaid by 
consumer liking data of Cluster 1 via a Vector model. 
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Percentages represent regions whereby the given percentage of consumers have a preference 
above the mean.  
 
 
Figure 4.9 External preference map of sensory profiling data established via the trained sensory 
panel applying the QDA™ methodology, displaying 76% of the total variance, and overlaid by 
consumer liking data of Cluster 2 via a Vector model. 
  
Albion
Melba
San Andreas
EL 165 EL 168
EL 202
EL 190
EL 80
EL 27
Red colour
Length
Berry Aroma
Earthy Aroma
Floral Aroma
Fruity Aroma
Green Aroma
Sweet Flavour
Sour Flavour
Berry Flavour
Caramel Flavour
Citrus Flavour
Floral Flavour
Fruity Flavour
Green Flavour
Astringent
Firmness
Juiciness
Grittiness
Sweet Aftertaste
Sour Aftertaste
Berry Aftertaste
Caramel Aftertaste
Citrus Aftertaste
Earthy Aftertaste
Floral Aftertaste
Fruity Aftertaste
Green Aftertaste
-10
-5
0
5
10
-10 -5 0 5 10
PC
2 
(1
4.
0 
%
)
PC1 (62.2 %)
Chapter four: Identifying key flavours in strawberries driving liking 
 
 
121 
 
Series1
Series6
Series11
Series16
Series21
Series26
Series31
Series36
Series41
Series46
Series51
Series56
Series61
Series66
Series71
Series76
Series81
Series86
Series91
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82 85 88 91 94 97
90%-100%
80%-90%
70%-80%
60%-70%
50%-60%
40%-50%
30%-40%
20%-30%
10%-20%
0%-10%
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Percentages represent regions whereby the given percentage of consumers have a preference 
above the mean.  
 
 
Figure 4.10 External preference map of sensory profiling data established via the trained sensory 
panel applying the QDA™ methodology, displaying 76% of the total variance, and overlaid by 
consumer liking data of Cluster 3 via a Circular model. 
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4.4 Discussion 
4.4.1 Trained sensory panel 
 
Fruit were pre-screened for maturation stage, thus significant differences 
between cultivars on sensory attributes that are dependent on maturation stage 
were neither expected nor observed nor tested in this experiment. Fermented 
flavour is produced as a result of alcohol compounds present in strawberry fruit, 
of which have been reported to develop upon fruit ripening (Dirinck et al., 1981; 
Du et al., 2012; Forney et al., 2000; Larsen & Watkins, 1995). As the strawberry 
matures, degradation of the cell wall is apparent due to the role of pectolytic 
enzymes in ripening fruit (Draye & Van Cutsem, 2008). The resultant strawberry is 
hence a softer, smoother texture, in conjunction with a reduction in perceived 
fibrousness. In addition, the panel was unable to differentiate strawberries 
through the application of citrus aroma and earthy flavour attributes. 1-Octen-3-
ol has been documented as contributing to earthy aroma in strawberry fruit 
(Kovačević, Vahčić, Levaj, & Dragović-Uzelac, 2008), and linalool contributing to 
the citrus aroma (Du et al., 2011). Means and variances for these two attributes 
were both low. The aroma, flavour and aftertaste attributes were generally low in 
intensity across cultivars, thus the QDA panel was not sufficiently precise on low 
intensity attributes to explain subtle differences between cultivars. 
 
All three commercial strawberry cultivars were positioned in the two left hand 
quadrants, accompanying attributes commonly associated with under-ripe fruit, 
green, citrus and sour (Davik et al., 2006; Vandendriessche et al., 2013). Under-
ripe fruit linked to lower liking ratings in the literature (Ares et al., 2009). EL 27, 90 
and 80 were located in the two quadrants on the right-hand side, with attributes 
commonly documented as being associated with increased liking, sweetness (Ares 
et al., 2009; Jouquand et al., 2008; Lado et al., 2010; Lado et al., 2012; 
Schwieterman et al., 2014; Vicente et al., 2014), as well as caramel, floral, berry 
and fruity. EL 165, 168 and 202 did not correlate with PC1, indicating these 
strawberries were not convincingly explained by attributes relating to liking. 
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4.4.2 Consumer panel 
 
This research established significant differences in preference of strawberries. 
Previously published findings have been unable to identify significant differences 
in consumer preference between commercial and newly bred strawberry cultivars 
using a 9-point-hedonic scale (Lado et al., 2012). This suggests that the range of 
strawberries used in this research, together with the population assessed, may be 
contributing to the detection of significant differences in liking. In addition, use of 
the HgLMS to evaluate liking in this research, in comparison to the traditional 9-
point hedonic scale used in previous research, has been shown to more readily 
discriminate between similar products (Lim, 2011), and thus may have 
contributed to the detection of significant differences in liking in this research. 
 
The current research identified EL 27 as the only cultivar liked significantly more 
than all three commercially available cultivars tested, however lines 168 and 190 
were also significantly preferred over the commercial San Andreas and Melba 
cultivars. This suggests that the introduction of newly bred strawberries into 
Australia may have greater acceptance from the public than the currently 
available cultivars on the market. With an increase in liking of strawberry cultivars, 
research indicates that consumption is likely to escalate (Eertmans, Baeyens, & 
Van den Bergh, 2001), thus potentially resulting in growth in strawberry sales 
within Australia. 
 
Although strawberry EL 27, 168 and 90 received the highest mean liking scores 
(36.4, 29.2 and 23.9) respectively, none of these has appeal for all consumers. 
Research has shown that consumers have individual patterns of preference, 
highlighting the need to group consumers according to their preference patterns 
(Geel, Kinnear, & de Kock, 2005; Lawlor & Delahunty, 2000; Santa Cruz, MartÍNez, 
& Hough, 2002). This research identified three clusters of consumers via HCA, each 
displaying its own preference, with significant differences in hedonic ratings noted 
between clusters. All clusters had high mean ratings for EL 27. Two clusters (47 
and 42% of consumers) had high preferences for EL 168 and 80, the second of 
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which also had a high mean rating for the Albion cultivar. The smallest cluster 
identified (10% of consumers) had a greater preference for the commercial San 
Andreas cultivar. Thus, the introduction of one cultivar may not satisfy all 
consumers. However, given that this cluster was comprised of the fewest 
consumers, and it may not be feasible to please all consumers, it would appear 
logical to target the majority of the population and produce a strawberry with the 
broadest appeal. Thus, EL 27 appears the appropriate choice to satisfy the 
majority of consumers. Moreover, as the Albion and San Andreas cultivars are 
already present on the market, the addition of a newly bred EL with high appeal 
should subsequently provide a selection of cultivars addressing the preferences of 
all consumer segments. 
 
 
4.4.3 Preference mapping 
 
IPM explained consumer preferences according to the relevant individual 
direction of preference. This method thus accounts for the preferences of each 
individual (Schlich & McEwan, 1992). The direction of liking was similar amongst 
individuals within each of the clusters identified, validating the hierarchical 
clustering method to group consumers. Given that EL 27 was broadly accepted, 
and Melba broadly rejected by the population assessed, IPM that considers 
assessors’ individual preferences was unable to explain direction of liking for these 
cultivars. Therefore, if a cultivar is broadly accepted or rejected by the population 
assessed, EPM techniques that consider the entire population will more readily 
account for the attributes contributing to liking for these cultivars. 
 
EPM uses statistical methods to include consumer preference data on the 
perceptual map displaying the sensory attributes of strawberries. This map 
identifies the area in which the majority of consumers would be satisfied. 
Consumer preference of strawberries was associated with fruity aroma, sweet 
flavour and aftertaste, caramel flavour and aftertaste, berry flavour and 
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aftertaste, and floral aftertaste, of which sweet has previously been documented 
as correlating with increased liking (Ares et al., 2009; Jouquand et al., 2008; Lado 
et al., 2010; Lado et al., 2012; Schwieterman et al., 2014; Vicente et al., 2014). 
 
In the product space tested however, no single strawberry reaches 100% of 
consumers. When determining the desirable attributes of strawberries, 
preferences of consumers differ. Thus, to efficiently meet all consumer needs, the 
individual clusters of consumers need to be satisfied. Research has shown that 
consumers have individual patterns of preference, highlighting the need to group 
consumers according to their preference patterns (Geel et al., 2005; Lawlor & 
Delahunty, 2000; Santa Cruz et al., 2002). The application of EPM techniques, 
therefore, can further be applied to each of the identified clusters, to gain 
additional insight into the attributes contributing to liking of each of these 
consumer groups. 
 
EPM identified similar results to those produced via IPM, linking similar attributes 
to consumer preferences in each of the three clusters, therefore, validating the 
former approach to identify consumer preferences of this cluster. Previous 
research has similarly identified IPM and EPM techniques to produce similar 
results (Helgesen, Solheim, & Næs, 1997). EPM, however, identified additional 
information in the current research unable to be accounted for via IPM. This 
approach establishes the percentage of consumers that each of the strawberry 
cultivars would satisfy for each cluster. In doing so, the information can be used 
in future breeding programs, to ensure the characteristics of new cultivars are 
ideally expressed. Applying the EPM approach, the vector model applied to cluster 
one and two represents liking to increase as an attribute increases in intensity, or 
alternatively, decrease in liking as the attribute decreases in intensity (Cadena et 
al., 2012). The circular model fitted to cluster three indicates this cluster had an 
ideal point, thus, the further from the ideal point in any direction results in a 
decrease in liking. Upon development of a new cultivar, the circular model can be 
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applied to establish the ideal intensity of each attribute, to produce a well-liked 
product appealing to the highest percentage of consumers.  
 
Application of both IPM and EPM techniques have identified similar overall 
preference, however as each of the methods interprets the data from differing 
angles, the inclusion of both techniques offer differing results (Guinard et al., 
2001). EPM focuses on sensory profile data, and subsequently fits the consumer 
preferences to this output. IPM however centres on the consumer preference 
data, with the sensory profiles modelled as a function of consumer preference 
(Guinard et al., 2001). Given the different lenses applied via each approach, the 
output is expected to offer a different take on the same input information. 
Previous research has suggested the outputs of the two approaches to have 
different end uses, with EPM more relevant in the product development stages 
and IPM more appropriate in product concept (van Kleef, van Trijp, & Luning, 
2006). These results therefore support the notion to apply both IPM and EPM 
techniques to establish a well-rounded understanding of consumer preferences 
within a product category. 
 
Previous research suggests strawberry liking is primarily driven by sweetness, in 
addition to flavoursome, strawberry odour and strawberry flavour (Ares et al., 
2009; Lado et al., 2012; Meyners & Castura, 2014; Schwieterman et al., 2014). 
Appearance and textural attributes have additionally been identified as 
contributing to increased liking, with intense red colour, gloss, large, firm and juicy 
further associated with liking (Ares et al., 2009; Jouquand et al., 2008; Lado et al., 
2012; Meyners & Castura, 2014; Schwieterman et al., 2014). Conversely, low 
sweetness, sour, tasteless, soft, mushy, dry and hard attributes have been 
documented as resulting in lower acceptance ratings (Jouquand et al., 2008; 
Meyners & Castura, 2014). Attributes indicative of deterioration, in off odour, 
browning on the sepals, dark bruises, surface unevenness and spotty (rain 
damage) have further been identified as resulting in lower acceptance of 
strawberries (Ares et al., 2009; Jouquand et al., 2008). The current research is in 
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agreement with the literature when considering the entire population, however, 
was able to describe the attributes in greater detail. Sweet, caramel, berry, fruity 
and floral were identified as being associated with strawberry liking, and sour, 
citrus, green, astringent, firm and gritty were identified as negatively driving liking. 
The current research additionally builds on previously published research, with 
the identification of a group of consumers that have a preference for sour, citrus, 
earthy, green, firm and gritty strawberries. When interpreting these results, it 
should be noted that the time from harvest until consumption may be longer than 
the time reflected in this research. Therefore, it would be ideal to understand how 
each of the cultivars included in this research change over time post-harvest, as 
this may impact selection of the ideal cultivars to meet consumer needs. 
 
These results provide evidence for producing strawberries that target individual 
groups of consumers, rather than developing a single cultivar aiming to have 
universal appeal. However, given that cluster one and two have a preference for 
strawberries that are already available commercially, it would appear logical to 
introduce a strawberry onto the market that appeals to cluster three. EL 168 and 
80 appeal to at least 90% of consumers within this cluster, thus the introduction 
of these strawberries onto the market would have the greatest reach. This 
research further provides evidence to market strawberries by cultivar, so that 
consumers may readily identify those strawberries for which they have a 
preference. 
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4.5 Conclusion 
 
Strawberry liking is complex, due to both the complex nature of the strawberry 
fruit, as well as individual preferences of consumers. This research identified three 
clusters of consumers, each displaying differing preference patterns. Different 
attributes were identified as most contributing to liking in each of these clusters, 
thus different cultivars would satisfy each of the consumer groups. When 
considering the entire population of consumers, sweet, caramel, berry, fruity and 
floral most contribute to liking of strawberries. A decrease in liking was identified 
as being associated with sour, citrus, green, astringent, firm and gritty attributes. 
EL 168 and 27 have been identified as having the broadest appeal, thus the 
introduction of these cultivars should satisfy the largest group of consumers. Both 
IPM and EPM techniques provided similar results, however, when used in 
combination may provide a more well-rounded understanding of preferences 
within a product category. 
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5 Chapter five: A comparison of Napping to 
descriptive analysis with and without 
product training 
 
*This study has been published in the Journal of Sensory Studies (2018) as 
‘Comparison of Quantitative Descriptive Analysis (QDA™) to the Napping 
methodology with and without product training’. 
 
5.1 Introduction 
 
In product research and development within the food industry, it is important to 
understand the sensory characteristics of products that are contributing to the 
acceptance or rejection within the market. Traditionally, descriptive methodology 
using a highly trained panel is employed to objectively describe the product of 
interest (Meilgaard et al., 1999). Within the food industry, this tool is essential in 
establishing the sensory profiles of products. Sensory perception is complex, with 
an abundance of changes taking place in the oral cavity during mastication (Chen, 
2014; Forde, 2016). This therefore generates changes in the textural and flavour 
perception of the product. The complexity of sensory perception is therefore 
difficult to capture with the use of instruments. For this reason, the use of people 
as instruments is vital in gaining an understanding of the sensory perception 
occurring during the eating event of a given product. This tool provides companies 
with a deeper understanding of their products, enabling them to make informed 
decisions regarding product development. 
 
It is thought that consumers do not possess the skills to adequately articulate the 
reasons for their liking. For this reason, consumers are commonly used to indicate 
the magnitude of their liking, and expertly trained panels will provide the 
descriptive sensory profiles. This information therefore guides product 
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development teams to initiate changes in product profiles to meet the consumers’ 
desired profile. Quantitative Descriptive Analysis™ (QDA™) is one such descriptive 
methodology that uses a highly trained panel to objectively describe and quantify 
sensory attributes repeatedly and consistently (Stone et al., 1974). Those selected 
for the panel should be highly discriminating, and readily able to articulate 
product characteristics. In industry, this methodology has been widely used to 
understand the sensory profiles of a wide range of products, in particular 
evaluating the sensory properties of fruits and vegetables (Ares et al., 2009; 
Baiano et al., 2012; Carbonell et al., 2007; Crisosto et al., 2006; Gunness et al., 
2009; Jaworska et al., 2011; Jetti et al., 2007; Latocha et al., 2011; López-Nicolás 
et al., 2009; Miyazaki et al., 2012; Pérez et al., 2007; Plotto et al., 2010; Sandell et 
al., 2009; Schulbach et al., 2004; Talavera-Bianchi et al., 2010). However, given the 
demanding nature of this procedure, its implementation can be costly and time 
consuming. For this reason, more rapid and cost-effective methods have been 
recently developed that use the consumer as a replacement for a trained panel 
(Varela & Ares, 2012). 
 
Recent research has explored the possibility of using untrained consumers in 
product research and development to provide the descriptive profile of products 
(Albert, Varela, Salvador, Hough, & Fiszman, 2011; Cadena et al., 2014; Kim, 
Jombart, Valentin, & Kim, 2013; Liu, Grønbeck, Di Monaco, Giacalone, & Bredie, 
2016; Reinbach, Giacalone, Ribeiro, Bredie, & Frøst, 2014). These methods are 
gaining popularity, with untrained consumers more commonly used in the 
application of rapid methods. Although untrained consumers may not provide the 
level of complexity in articulating product characteristics, they are more 
commonly used to gain an understanding of the reasons for their preferences. This 
approach may therefore be useful in product research and development to gain 
more insight into the reasons consumers may accept or reject the product of 
interest, as well as for the potential replacement of the time intensive and 
expensive traditional methodology. 
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Napping, a specialised form of projective mapping, is one such method, first 
introduced by Pagès (2003). Although similar in principal to projective mapping, 
Napping has a more defined set of data analysis instructions and assumes that 
these are adhered to, and is therefore described as a specialised form of projective 
mapping (Dehlholm, 2014). This methodology requires assessors to produce 
individual perceptual maps illustrating product differences and similarities on a 
two-dimensional space (Pagès, 2003; Pagès, 2005; Pagès et al., 2010; Risvik et al., 
1994). This allows products to be assessed simultaneously rather than by the 
monadic approach of conventional profiling. Assessors are not trained in the use 
of a common descriptive language, rather they devise their own criteria for 
evaluating and separating products. The importance individual assessors place on 
particular attributes is therefore taken into account through this methodology 
(Perrin et al., 2008). Given the ease of execution of this task, Napping can 
therefore be readily applied by experts or consumers, however a larger number 
of assessors is required when incorporating untrained assessors or consumers 
(Nestrud & Lawless, 2011; Perrin et al., 2008; Risvik et al., 1994). Previous research 
has demonstrated that the perceptual maps generated via partial Napping with a 
trained panel (Dehlholm et al., 2012), as well as global Napping, have similar 
discriminating power to those produced through descriptive analysis (DA) (Albert 
et al., 2011; Louw et al., 2013). Recent research suggests that either product or 
method training improves the validity of results of this Napping methodology (Liu 
et al., 2016). However, given the recent nature of the development of these 
methods, there is limited research to validate the use of Napping using untrained 
consumers as assessors, to be used as a potential replacement for traditional DA. 
 
Ultra-Flash Profiling (UFP) can be incorporated with Napping to gain additional 
information regarding the specific sensory attributes of a range of products (Perrin 
et al., 2008). This was developed as a flexible method to rapidly provide a 
descriptive profile of products key sensory characteristics (Perrin & Pagès, 2009). 
UFP requires panellists to use their own vocabulary to describe each product 
under test using an unlimited number of terms. Although not shown to produce 
Chapter five: A comparison of Napping to descriptive analysis with and without 
product training 
 
 
132 
 
the same level of precise detail as conventional profiling methods (Albert et al., 
2011; Dehlholm et al., 2012), the incorporation of UFP with Napping provides 
similar information to that obtained through traditional DA (Varela & Ares, 2012). 
Napping with UFP, being a novel technique, has not been studied in detail thus 
far, and hence the reproducibility and validity of these methods is yet to be 
established (Varela & Ares, 2012). 
 
Napping has gained more traction in recent years, with its usage expanding from 
evaluating wine (Pagès, 2005; Perrin et al., 2008), to evaluating a wide range of 
alcohol products (Gavito, Callejon, & Heymann, 2011; Louw et al., 2015; Reinbach 
et al., 2014), as well as commodities such as biscuits (Carrillo, Varela, & Fiszman, 
2012), green tea (Kim et al., 2013), cold meats (Santos et al., 2013), yoghurt 
(Cadena et al., 2014), apple juice (Stolzenbach, Bredie, Christensen, & Byrne, 
2016) and bread (Muggah, Duizer, & McSweeney, 2016). Research applying a 
similar technique, in Projective Mapping, has been recently applied to 
strawberries using untrained consumers (Vicente et al., 2014). Given the variation 
that may be evident within fruit produced from a single crop (Watson et al., 2002), 
as well as between cultivars (Larsen & Poll, 1992; Pérez et al., 1996; Sanz et al., 
1994), the use of the Napping methodology, that considers the differences 
between products within a two dimensional product space, may be relevant in 
assessing this variation. However, there is limited research validating the use of 
consumers applying the Napping methodology to strawberries, against traditional 
techniques using a trained sensory panel. 
 
Strawberry flavour is complex, with over 360 volatile components contributing to 
the unique strawberry flavour (Aubert et al., 2005; Azodanlou et al., 2003). The 
strawberry flavour profile has been described as sweet, fruity, floral, citrus, 
caramel and green, the unique combination of volatiles largely responsible for 
these characteristic strawberry attributes, of which vary dependent upon cultivar, 
maturation stage and environment (Azodanlou et al., 2003; Beekwilder et al., 
2004; Dirinck et al., 1981; Du et al., 2012; Forney et al., 2000; Jetti et al., 2007; 
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Larsen & Poll, 1992; Larsen & Watkins, 1995; Pérez et al., 1996; Sanz et al., 1994; 
Scheiberle & Hofmann, 1997). 
 
Traditionally, given the complex nature of this fruit, trained experts are used to 
provide descriptive profiles of these products (Ares et al., 2009; Bursac et al., 
2007; Gunness et al., 2009; Han et al., 2005; Jetti et al., 2007; Péneau et al., 2007; 
Rosenfeld & Nes, 2000; Shamaila et al., 1992; Ulrich et al., 1997; Van der Steen et 
al., 2002). However, consumers are more commonly being employed to use rapid 
methods to describe product sensory profiles (Albert et al., 2011; Cadena et al., 
2014; Kim et al., 2013; Liu et al., 2016; Reinbach et al., 2014). If it is not feasible to 
train a panel in the descriptive language of strawberries prior to evaluations, the 
use of rapid methodologies is useful in providing the sensory profiles of products. 
To ensure validity of results, the Napping methodology needs to be validated 
against a traditional DA approach. 
 
The combination of Napping with UFP should therefore provide further evidence 
to understand the sensory characteristics that vary both within a strawberry 
cultivar and between differing cultivars. This methodology will additionally 
provide a deeper understanding as to how consumers perceive differing cultivars, 
and how this perception differs from an expertly trained panel. Upon evaluating 
this technique, Napping with UFP may prove to be a valid instrument in objectively 
profiling the flavour of strawberries, potentially proving viable to replace the 
traditional DA methods in future research for fresh fruit products. 
 
Therefore, the objective of this research was to assess the importance of product 
training in Napping with UFP, and determine the suitability of this methodology 
for a non-homogenous agricultural product, via the comparison with DA. 
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5.2 Methods 
5.2.1 Samples 
 
Strawberry samples were harvested from Golden Vale Strawberries, Proprietary 
Limited, Coldstream, Victoria, over the 2014-2015 Australian Summer. Three 
commercial Day Neutral (DN) strawberry cultivars were included in this research, 
with duplicate samples of each cultivar. Two of the three cultivars were 
Californian-bred, F. ananassa cv Albion and cv San Andreas, and one Melbourne-
bred cultivar, F. ananassa cv Melba. Upon harvest from Coldstream, Victoria, 
strawberries were transported to the Centre of Advance Sensory Science (CASS), 
Deakin University, Melbourne, Australia, where they were stored at 4°C until 
testing the following day. To limit variation amongst the strawberry cultivars, 
strawberries were pre-sorted according to maturation stage. Strawberries that 
had either experienced deterioration via water damage or bruising, as well as 
those strawberries that were firm to touch and not uniform in colour were 
eliminated from this research. Those strawberries that possessed an almost 
complete uniformity of red colour and were not overly firm to touch were 
evaluated, as these strawberries were deemed to be at a similar maturation stage. 
 
 
5.2.2 Testing environment 
 
Evaluations for both panels were conducted in the CASS Laboratory at Deakin 
University, Melbourne, Australia. All potential panellists provided informed 
consent prior to partaking in this research, approved by the Human Ethics 
Advisory Group, Faculty of Health (HEAG-H 105_2012). Panellists evaluated 
strawberries under ambient conditions in a well-lit, ventilated room. Strawberries 
were evaluated in individual testing booths using Compusense® Cloud (Guelph, 
ON). Prior to evaluations, panellists were instructed to avoid exposure to 
cosmetics, or areas associated with strong fragrances, and refrain from teeth 
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brushing and eating or drinking, except water, in the two hours prior to their 
testing time. 
 
Panellists were presented with room temperature strawberries, each blinded by 
a three-digit randomised code. Strawberries were cut in half immediately prior to 
serving, and served in clear plastic 30mL medicine cups. For palette cleansing, and 
to minimise the effects of sensory fatigue, deionised water and Arnott’s plain, dry 
crackers were provided to panellists, as well as the inclusion of regular ten-minute 
breaks. 
 
 
5.2.3 Trained sensory panel 
 
The trained sensory panel recruited for this research consisted of 12 female 
assessors aged from 23 to 62 years (mean age of 43 ± 15 years), each averaging 
60 hours experience in the descriptive analysis of strawberries. The panel was 
originally selected and recruited from a pool of 58 potential panellists in 2013, on 
the basis of possessing a good sensory acuity, being highly motivated, and being 
regular strawberry consumers. Twenty panellists were subsequently trained, with 
well performing panellists continuing onto the evaluation stage. Prior to sensory 
acuity screening, those that smoked, were pregnant or lactating, possessed any 
food allergies, or were affected by any medical condition that altered taste 
perception, were excluded from participating. Panellists were screened and 
trained in adherence with ISO standards 8586-1 and 8586-2 (International 
Organization for Standardization (ISO), 1993, 2008). 
 
Following screening, panellists undertook an initial training in general sensory 
techniques. They were then familiarised with the product variation of 
commercially available strawberries on the Australian market, whereby they 
devised a language to describe the sensory variation. Upon individual vocabulary 
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development, the panel leader subsequently mediated group discussions to reach 
a consensus on the final attribute list. Any unnecessary terms were removed, and 
similar descriptors grouped and substituted by a common descriptive term. Each 
of the attributes were defined, followed by panel agreement on each of the 
product references to represent each attribute, in the form of chemicals or food 
products. This step ensured panellists were aligning on each of the attributes and 
clearly understood definitions. The final attribute list consisted of two 
appearance, six aroma, one texture, four mouthfeel and seven flavour attributes 
(see Table 5.1 for the list of sensory attributes). Panellists were then calibrated to 
scales, with frequent checks via open discussion with the panel leader to ensure 
they were all using these in the same way. The line scales were 15-cm 
unstructured scales anchored by ‘not present’ to ‘very strong’ (refer to Chapter 2 
for more detail on these methods). 
 
 
5.2.4 Consumer panel 
 
One hundred and thirty-one untrained consumers of strawberries (85% female, 
mean age of 23 ± 5 yrs.) were recruited from Deakin University, Melbourne, 
Australia. The panel possessed no prior experience in the sensory analysis of 
foods. 
 
 
5.2.5 Descriptive analysis 
 
Samples were presented in a monadic balanced randomized order, with analysis 
performed in triplicate to ensure robust data sets. The trained sensory panel 
evaluated the appearance, aroma, texture, mouthfeel and flavour of samples. 
Panellists applied the techniques acquired during training, consistent with QDA™ 
methodology (Lawless & Heymann, 2010), to assess the sensory variation 
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observed between strawberries. Each attribute devised during the training period 
was evaluated, and subsequently quantified using 15-cm intensity unstructured 
line scales. 
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Table 5.1 A strawberry lexicon as devised by a trained sensory panel via QDA™. 
Modality Attribute Definition Product reference 
Appearance 
Red colour The intensity of red colour from light to dark Strawberries varying widely in colour 
Length The length of the strawberry from short to elongated  Strawberries varying widely in size 
Aroma 
Berry The aroma associated with a combination of mixed berries Combination of mixed frozen berries (raspberries, blackberries, blueberries), thawed 
Caramel The aroma associated with aromatics of cooked sugar syrup Freshly cooked caramel 
Earthy Aromatic associated with dirt or soil, cut tree stump, tree branch or wood Fresh soil, mushroom 
Floral Sweet, fragrant aromatic associated with flowers, perfume and potpourri Combination of fresh flowers 
Fruity Sweet, intense aromatic associated with a combination of mixed fruit; pineapple, melon, apple, grape 
Combination of mixed, cut fruit (pineapple, melon, 
apple, grape) 
Green An unripe aroma characterised by cut grass and unripe or green fruit 20g/L cis-3-hexen-1-ol 
Texture Firmness Degree of firmness, from soft to firm Marshmallow soft to apple firm 
Mouthfeel 
Juiciness Degree of presence of fluid, from low to high A juicy orange 
Fibrous Presence of long, stringy fibres, from low to high Unripe mango 
Gritty Degree of grainy, sandy texture, characterised by a high presence of seeds, from ow to high Grainy bread (chia, cape seed) 
Astringent Feeling in the mouth characterised by drying; associated with the presence of tannins 1.0g/L Tannic acid solution 
Flavour 
Berry The aroma associated with a combination of mixed berries Combination of mixed frozen berries (raspberries, blackberries, blueberries), thawed 
Candy The intensely artificial sweetness associated with aromatics of cooked sugar Freshly cooked caramel/candy sweets 
Earthy Aromatic associated with dirt or soil, cut tree stump, tree branch or wood Fresh soil, mushroom 
Fruity Sweet, intense aromatic associated with a combination of mixed fruit; pineapple, melon, apple, grape 
Combination of mixed, cut fruit (pineapple, melon, 
apple, grape) 
Green An unripe aroma characterised by cut grass and unripe or green fruit 20g/L cis-3-hexen-1-ol 
Sweet Taste associated with sucrose 24g/L Sucrose solution 
Sour Taste associated with acid 1.2g/L Citric acid solution 
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5.2.6 Napping 
 
Prior to evaluations, both panels were initially familiarised with the Napping 
methodology in a single two-hour session. During the familiarisation period, 
panellists were provided with a blank sheet of paper (60x40 cm) and three 
products in duplicate that were unrelated to the product under test. Panellists 
were then instructed to separate each of the products on the blank sheet of paper 
based on their similarities and differences. They were required to devise their own 
criteria to separate products in reference to their sensory attributes. They were 
further instructed to use their own language to describe sensory differences using 
UFP as described by Perrin et al. (2008). 
 
In the evaluation session both panels were provided with duplicate samples of 
three strawberry cultivars, simultaneously, and in a balanced randomized order. 
In addition, they were provided with a blank sheet of paper (60x40 cm) so that 
they could illustrate the sensory space of the strawberries. Panellists tasted each 
of the strawberry samples, and subsequently separated these on the sheet of 
paper according to their sensory similarities and differences. Panellists used their 
own criteria to separate strawberries based on their appearance, aroma, taste, 
texture and aftertaste. Following this, panellists were instructed to apply UFP to 
describe sensory differences between each of the strawberry groups on the map, 
using their own vocabulary. Deionised water was provided to cleanse the palate 
between samples and minimise any carry over effects. 
 
 
5.2.7 Statistical analysis 
 
All data was analysed with the statistical analysis program XLSTAT-Sensory Version 
2016.01.26779. To maintain consistency across methods and ensure the data was 
comparable, each methodology was analysed in a similar way. DA data was 
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analysed via a principal component analysis (PCA) using the mean panel data 
scores for each attribute. Napping data was analysed via a multiple factor analysis 
(MFA), using the x and y coordinates from each of the Napping maps, with the 
descriptors from the UFP as supplementary data, in a similar method as described 
by Louw et al. (2013). This produced a similar and comparable map to the 
resultant PCA produced via DA. The resultant MFA’s and PCA were subsequently 
compared to produce an overall comparative MFA, whereby the RV coefficients 
of the comparison of methodologies were determined. To determine the ideal 
number of consumers applying Napping with UFP required to produce 
comparable product configurations to those produced by both DA and Napping 
with UFP using the trained panel, subsets of the consumer data, varying in sample 
size, were randomly and repeatedly selected. To assess the influence of product 
training on the Napping methodology, subsets of the consumer data, equal in 
sample size to the DA panel, were randomly and repeatedly selected. Comparative 
MFA’s were subsequently performed using the randomly selected consumer data 
to determine the RV coefficients of the comparison between methodologies. 
 
Confidence intervals were applied around the means of each of the products for 
each of the individual methodologies. To enable confidence intervals to be placed 
on the DA data, the panellists’ individual assessments were analysed via MFA. The 
resampling bootstrap procedure, as described by Cadoret and Husson (2013) was 
subsequently applied to all MFA groups of variables determined via individual 
sensory data, to determine the variance in each sample set. The resultant datasets 
produced allowed the subsequent construction of 95% confidence intervals 
around the product means for each methodology. 
 
Comparison of the language applied by consumers and the trained panel was 
compared. To enable a fair comparison, similar terms applied via the Napping with 
UFP methodology were grouped and replaced by a common descriptive term. 
Given that the assessors were instructed to focus on the sensory profile of 
products and ignore liking, attributes indicative of liking were subsequently 
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removed. Terms signifying intensity and absent of a sensory parameter, together 
with those that were applied by less than two assessors were additionally 
removed. The similarity of the application of terms across methods was 
subsequently compared. Each methodology was analysed to determine 
significance in discriminating between the products for each of the sensory 
attributes in a similar methodology as described by Dehlholm et al. (2012). 
Significant differences were established via analysis of variance (ANOVA) for the 
DA methodology, considering cultivar, assessor, and their interaction as fixed 
variables. A post hoc Tukey’s test established significant differences when p≤0.05. 
Chi square statistics were applied to the frequency data of the terms describing 
each of the cultivars applied via the Napping methodology. Significant differences 
were established when p<0.1 and was applied by at least 2 assessors. 
 
 
  
Chapter five: A comparison of Napping to descriptive analysis with and without 
product training 
 
 
142 
 
5.3 Results 
5.3.1 Comparison of configurations 
 
 
Figure 5.1. Comparative MFA on individual configurations of three strawberry cultivars in 
duplicate, using a DA profile, a Napping profile with an expert trained panel, and a Napping 
profile with untrained consumers. 
 
 
The three methodologies were in agreement with one another, producing similar 
resultant maps via the comparative MFA. Figure 5.1 displays the distribution of 
strawberry samples using the different methodological approaches. Each sample 
is displayed in a different colour to depict differences between the samples. All 
cultivars displayed some variability, as demonstrated by the distance between 
duplicates on the map, however sat in a very similar sensory space for all three 
methodologies. Albion displayed the most variability between duplicates, whilst 
the Melba and San Andreas cultivars displayed the least variability. 
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Table 5.2. Comparison of the Napping methodology with traditional DA profiling techniques via 
the RV coefficient. 
Methodology comparison RV coefficients: 
DA Profile versus Napping (Trained Panel) 0.936 
DA Profile versus Napping (Consumers) 0.898 
Napping (Trained Panel) versus Napping (Consumers) 0.942 
 
 
Table 5.2 displays the RV coefficients for the comparison between the 
methodologies, with the two panels using the same methodology (Napping with 
UFP) displaying the most agreement. The comparison of the two different 
methodologies, in DA and Napping with UFP, using the one expert trained panel, 
were also highly correlated. Although the comparison of the Napping with UFP 
methodology using untrained consumers and DA using an expert trained panel 
were the least comparable, these methods still displayed a high level of 
agreement, as established by the high RV coefficient. 
 
 
Table 5.3. Comparison of the Napping methodology using untrained consumers and varying in 
sample size, to both DA and Napping with the trained sensory panel. 
Number of 
consumers 
DA Profile versus Napping 
(Consumers) 
Napping (Consumers) versus 
Napping (Trained Panel) 
110 0.825 0.887 
100 0.821 0.874 
90 0.819 0.863 
80 0.780 0.835 
70 0.717 0.752 
60 0.679 0.735 
12 0.539 0.648 
 
 
  
Chapter five: A comparison of Napping to descriptive analysis with and without 
product training 
 
 
144 
 
Table 5.3 displays the change in RV coefficients between methodologies, as the 
number of consumers applying the Napping with UFP methodology is randomly 
and repeatedly reduced. With a reduction in the number of consumers applying 
the Napping with UFP methodology, the correlations between the methodologies 
subsequently declines. 
 
Figures 5.2 – 5.4 display the individual product configurations for each of the three 
approaches. The subsequently applied 95% confidence ellipses, as established via 
bootstrapping and resampling techniques, reveal the variance noted both 
between and within cultivars. The 95% confidence ellipses across all three 
methods indicate that there are greater differences between strawberry cultivars 
than within cultivars. However, as the ellipses for the duplicate cultivars do not 
overlap via DA, this suggests differences still exist within each cultivar. The 
confidence ellipses applied to the Napping results with untrained consumers 
provide confidence in in the preceding product configurations, due to the smaller 
size of these ellipses. There was less confidence in the results obtained via 
Napping with the expert trained panel, with larger, overlapping confidence 
ellipses.  
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Figure 5.2. Configuration of the strawberry cultivars displaying 51% of the total variance and 
showing 95% confidence intervals via MFA using DA with a trained sensory panel. 
 
 
   
Figure 5.3. Configuration of the strawberry cultivars displaying 76% of the total variance and 
showing 95% confidence intervals via MFA using Napping with a trained sensory panel. 
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Figure 5.4. Configuration of the strawberry cultivars displaying 48% of the total variance and 
showing 95% confidence intervals via MFA using Napping with an untrained consumer panel. 
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5.3.2 Comparison of sensory attributes 
 
There was high variation in the number of attributes applied by each of the 
methodologies, with the trained panel applying 20 via DA, and 22 via the Napping 
with UFP methodology, and the untrained consumers employing 79 attributes via 
Napping with UFP. Given that there was wide variation in the attributes applied 
by the untrained consumer panel, similar terms were grouped and replaced by a 
common descriptor to allow for further analysis. Sour, acidic, tangy, tart and tingly 
were grouped and replaced by the common term, sour. Fermented, overripe and 
wine were grouped and replaced with the term fermented. Floral, perfume-like, 
and rose were grouped and replaced with floral. Green, grassy and unripe were 
replaced by green; spicy and coriander were replaced by spicy; and apple and pear 
were replaced by apple. The terms, bland, dull, plain and not much flavour were 
replaced by bland; and flavoursome and strong flavour were replaced by 
flavoursome. Soft, soggy, mushy and bruised were replaced by soft; firm and hard 
were replaced by firm; and crisp and crunchy were replaced by crisp. Juicy and 
watery were replaced by juicy; with seedy and grainy replaced by seedy; and 
smooth, seedless and creamy replaced by smooth. Dark red, rich red and cherry 
red were replaced with dark red; and pale red, light red and not much red were 
replaced by pale red. The following terms were subsequently removed from 
further analysis as they signified intensity without an attribute to describe the 
intensity; intense, mild, neutral, strong and weak. The terms, natural and normal 
were subsequently removed as they did not specifically describe the sensory 
profile of the products. Attributes including ‘not’ were removed from the analysis 
as the inclusion of these lacked specificity in describing the characteristics the 
products possessed. Therefore, not juicy, not sour and not sweet were 
subsequently removed. Terms applied by fewer than two consumers were 
similarly removed, with chemical, banana and strawberry aroma removed from 
further analysis. Thus, the final attribute list consisted of 34 terms. 
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Table 5.4 displays an overview of significant attributes in cultivar profiles via 
ANOVA for the DA data. The raw panel data was initially checked to ensure 
panellists were consistently discriminating between samples and to ensure that 
the rank order of each of the samples were demonstrating similar patterns 
between panellists. Panellists were well performing across the majority of 
attributes, with those that were not well performing identified to enable 
correction via group discussions. Colour, aroma and the majority of flavour 
attributes were significant between products. The green flavour attribute and 
some of the textural attributes that were indicators of ripening level were not 
significant between products. Table 5.5 compares the significant attributes 
describing each of the strawberry cultivars. Of all attributes, 71% were 
significantly applied in the DA methodology, 64% were significantly applied by the 
trained panel via Napping with UFP, and 25% were significantly applied via 
Napping with UFP using untrained consumers. 
 
When describing the appearance of the strawberry cultivars, colour was 
significantly applied across each of the methodologies. There was high agreement 
regarding the colour of the Albion cultivar, with all three methodologies describing 
this cultivar as dark red. The Melba cultivar was significantly described by two of 
the methodologies as light red. However, there was a lack of agreement amongst 
the various approaches when describing the colour of the San Andreas cultivar, 
with all three methodologies articulating different colours. There was also less 
agreement in describing the textural attributes of the three cultivars, with two out 
of the three methods describing Albion as firm, Melba as juicy, and San Andreas 
as soft. There was high agreement amongst the three methodologies in the aroma 
and flavour profile of the Albion and Melba cultivars, with Albion described as 
fruity and sweet, and Melba described as green and sour. There was less 
agreement in the aroma and flavour profile of the San Andreas cultivar, with two 
of the three methods describing this cultivar as berry, citrus and earthy. 
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Table 5.4. F values established via ANOVA for each of the sensory attributes profiled by the trained sensory panel applying the DA methodology. 
 Appearance Aroma    
Attribute Red colour Length  Berry Caramel Earthy Floral Fruity Green    
F value 12.125*** 1.596  4.853* 2.956* 5.082* 4.339* 6.778* 3.924*    
 Flavour       Mouthfeel     
Attribute Berry Candy Earthy Fruity Green Sour Sweet Astringent Fibrous Firm Gritty Juicy 
F value 6.528** 3.812* 5.426** 6.106** 1.737 4.544* 10.915*** 1.401 1.415 3.407* 2.047 3.312* 
*Significant at p<0.05 
**Significant at p<0.01 
***Significant at p<0.001 
 
Table 5.5. Comparison of attributes significantly applied via ANOVA and chi-square analysis for each strawberry cultivar using each of the different methodological 
approaches. 
Cultivar Modality DA with trained panela Napping with trained panelb Napping with untrained consumersb 
Albion 
Appearance Dark red Dark red Dark red 
Aroma/Flavour Berry, floral, fruity, candy, sweet Fruity, sweet, sour, tomato 
Apple, berry, floral, fruity, candy, peach, 
sweet 
Texture Firm Firm, gritty  
Melba 
Appearance Light red Light red  
Aroma/Flavour Candy, earthy, fruity, green, sour Berry, green, sour, tomato Earthy, green, grape. sour 
Texture Juicy Juicy Astringent, gritty, firm 
San 
Andreas 
Appearance Dark red Orange red Pale red 
Aroma/Flavour Berry, caramel, earthy, fruity Apple, berry, citrus, fruity Citrus, earthy, fermented, grape, sour 
Texture Firm Soft Soft, juicy 
a Significant attributes describing products via ANOVA (p<0.05) 
b Significant attributes describing products via chi-square (p<0.05) and applied by at least 2 assessors 
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Figures 5.5 – 5.7 visually depict the sensory profiles for each of the products as 
applied by each methodology. When applying DA with an expert trained panel to 
describe the differences between strawberry cultivars, the PCA revealed 68.0% of 
the variance explained in the first two dimensions (Figure 5.5). The resultant MFA 
on the Napping with UFP data via the expert trained panel, revealed 76.0% of the 
variance explained in the first two dimensions (Figure 5.6), with the MFA produced 
via the untrained consumers Napping with UFP data revealing 48.5% of the 
variance explained in the first two dimensions (Figure 5.7).  
 
 
 
 
Figure 5.5. PCA of the product configurations displaying 68% of the total variance of three 
strawberry cultivars in duplicate using a DA profile. 
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Figure 5.6. MFA of individual product configurations displaying 76% of the total variance of three 
strawberry cultivars in duplicate produced via a Napping profile using an expert trained panel. 
 
 
Figure 5.7. MFA of individual product configurations displaying 49% of the total variance of three 
strawberry cultivars in duplicate produced via a Napping profile with untrained consumers. 
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5.4 Discussion 
5.4.1 Comparison of configurations 
 
When establishing the validity and reliability of newly developed methods in 
sensory science, traditional descriptive methodologies are commonly used as a 
comparative tool. DA methods are validated and highly reliable in assessing the 
sensory attributes of products when using a highly trained panel (Meilgaard et al., 
1999). Thus, when assessing rapid methods that do not use highly trained panels, 
conventional profiling tools are commonly chosen as a comparative tool to assess 
the validity of the results (Dairou & Sieffermann, 2002; Dehlholm et al., 2012; 
Delarue & Sieffermann, 2004; Perrin et al., 2008) 
 
The high RV coefficients observed between methodologies indicate that the 
consumers were as reliable as the trained panel in their discrimination between 
samples. Recent research similarly found comparable outputs in product 
configurations when evaluating both traditional DA methods and the Napping 
methodology (Albert et al., 2011; Dehlholm et al., 2012; Louw et al., 2013; Varela 
& Ares, 2012). The present research identified the highest agreement in product 
configurations between the two differing panels applying the same Napping 
methodology. This suggests that the methodologies may produce differences in 
results due to assessment methodology differences, rather than merely product 
differences. The DA methodology employs a greater level of detail into product 
assessment, thus the expectation is for higher complexity and detail in the output 
of this approach (Moussaoui & Varela, 2010). Some differences are therefore 
expected when comparing the outputs of the two methodologies, even when 
using the same panel. 
 
The duplicates placed close together on all three resultant product configuration 
maps, with differing cultivars further apart, indicate that consumers have similar 
discriminating power to that of trained panellists. This is in agreement with 
previous research that similarly found consumers to be as reliable in 
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discriminating between products as a trained panel (Moussaoui & Varela, 2010). 
The subsequent confidence ellipses applied to each of the product configurations 
indicate that the DA methodology was able to better assess the smaller product 
differences in the sample set. This was evident by the overlapping confidence 
intervals for strawberries of the same cultivar noted only in the Napping 
methodology. This is an indication that the greater level of detail collected via the 
DA methodology is more confidently able to show acute differences between 
samples. The Napping methodology with untrained consumers provided greater 
confidence than the Napping output with the trained panel, as evident by the 
differences in the size of the ellipses. The larger confidence ellipses produced by 
Napping with the trained panel reflected the differences in sample size in each of 
the panels. The larger sample size has generally been applied when consumers 
undertake this methodology (Albert et al., 2011; Ares, Deliza, Barreiro, Giménez, 
& Gámbaro, 2010; Kennedy & Heymann, 2009; Nestrud & Lawless, 2008; Varela 
& Ares, 2012), resulting in greater stability of sample configurations. 
 
Upon randomly and repeatedly selecting a subset of consumers to reanalyse the 
product configurations produced by Napping with UFP, the ideal number of 
consumers required to produce a similar output to the trained panel has been 
identified. Results indicate that reducing the number of consumers undertaking 
the Napping task, will result in outputs that are not as highly comparable to both 
DA and Napping with UFP using a trained panel, with a reduction in the resultant 
RV coefficient evident. This suggests that familiarisation and training in the 
product category will result in greater discriminating power via alternative 
methodologies, with an output closer to that produced via DA. However, when 
training in the product category is not feasible, increasing the number of 
consumers to undertake the Napping with UFP task will produce an output 
representative of that produced by a DA trained panel. Previous research has used 
between 15 and 50 consumers to undertake the Napping methodology (Albert et 
al., 2011; Ares et al., 2010; Nestrud & Lawless, 2008), with results from 20 
consumers established as producing comparable product configurations to DA 
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(Albert et al., 2011). The current research however applied the Napping 
methodology to products with smaller differences, therefore when using 
consumers to apply the Napping methodology to a product set more similar in 
nature, the number of consumers required to produce comparable results to DA 
is required to be increased. 
 
When examining the resultant PCA and MFA maps produced via each of the 
methodologies, each map placed relative importance on different facets. The 
resultant PCA produced via DA was explained by aroma and key flavour attributes 
in the first component, and by colour and flavour attributes in the second. The 
resultant MFA produced via the trained panel’s Napping with UFP data explained 
differences in appearance and textural attributes in the first dimension. The 
second dimension explained some of the key flavour attributes, however with 
much less complexity and detail than DA. The MFA produced using the untrained 
consumer panel via Napping with UFP was explained by attributes associated with 
liking in the first dimension, and textural attributes related to spoilage in the 
second dimension. This variance is much more indicative of the language 
consumers would frequently use to categorise products. These results have been 
similarly identified in the literature, with the relative importance placed on 
differing sensory modalities dependent upon the methodology or type of panel 
used (Barcenas, Elortondo, & Albisu, 2004; Kim et al., 2013; Louw et al., 2013; 
Nestrud & Lawless, 2008). 
 
A low degree of variance was explained by the MFA in the first two dimensions 
using Napping with UFP applied by untrained consumers. This result has been 
similarly found in previous research comparing the Napping methodology to that 
of a trained panel (Antúnez, Vidal, de Saldamando, Giménez, & Ares, 2017; 
Moussaoui & Varela, 2010). This can be attributed to the variation displayed in the 
criteria each panellist employed to sort the products. Given that panellists devise 
their own criteria for sorting products, the relative importance each panellist 
places on attributes will differ between individuals. For this reason, panellists 
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would not all sort products in the same way, and thus a higher level of variance in 
the individual outputs is expected, resulting in a greater number of dimensions 
required to explain this variance. 
 
5.4.2 Comparison of sensory attributes 
 
A comparison of the significantly applied attributes for each methodology resulted 
in DA discriminating samples on the greatest percentage of sensory attributes. The 
DA methodology could more confidently provide an explanation of the variance 
noted between samples, due to the high level of agreement required on attribute 
definitions throughout the training period. This result is supported by previous 
literature, noting that conventional descriptive profiling provides a more in depth 
description of the sensory differences within a sample set (Moussaoui & Varela, 
2010). The attributes whereby the panel were unable to discriminate the samples, 
green, astringent, fibrous and gritty, were those related to the maturation stage 
of the strawberries. The green, under-ripe note is associated with alcohol and 
aldehyde concentration (Vandendriessche et al., 2013), polyphenols are 
responsible for astringency in fruit (Ozawa, Lilley, & Haslam, 1987), and pectolytic 
enzymes affect the fruit texture (Draye & Van Cutsem, 2008), all of which are 
influenced by ripening. Therefore, the lack of significance of these attributes 
related to changes during maturation, can be attributed to the strawberries being 
of a similar ripening level. Given that the strawberries were pre-sorted for ripening 
level prior to evaluations, this result is therefore expected. 
 
The Napping approach using the trained panel resulted in a reduction in the 
percentage of attributes significantly applied. This reduction in significance may 
be attributable to the variation displayed in the criteria each panellist employed 
to sort the products. The resultant sensory profiles of each of the strawberry 
cultivars may not be complete sensory profiles. The Global Napping (GN) 
methodology, employed in this research, assesses a holistic overview of the 
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product similarities and differences (Dehlholm et al., 2012). Thus, the onus is 
placed on the assessor to determine how they wish to separate the samples. The 
Napping methodology employed in this research does not allow for a complete 
profile of products, and assumes that each assessor will be able to display product 
differences on a two-dimensional space. Due to the smaller sample size of the 
trained panel, it is likely that not all modalities were accounted for on the 
individual perceptual maps, thus, the detail employed by the trained panel, may 
not be indicative of the detail in the product category. When employing GN rather 
than a Partial Napping (PN) approach, relevant detail may be unintentionally 
ignored by the assessor, with focus primarily on more readily distinguishable 
attributes (Louw et al., 2013). Hence the resultant output may not provide a 
detailed assessment of the products under test. To overcome this difficulty, when 
using a smaller pool of assessors, PN would more effectively cover product 
differences across all sensory modalities than the GN approach employed in this 
research. A PN approach focuses on one sensory modality at a time, therefore the 
resultant product configurations may account for all sensory modalities. Although 
this methodology is not as rapid as the GN approach, the resultant output may 
more closely mimic the DA output (Dehlholm et al., 2012; Louw et al., 2013). 
Therefore, to better represent the DA output, the use of PN, that covers all 
sensory modalities, would be more appropriate (Dehlholm et al., 2012; Louw et 
al., 2013). 
 
Untrained consumers employing the Napping methodology resulted in the 
broadest range of attributes used to describe the products. When determining 
those attributes that were significantly applied by the untrained consumer panel, 
similar terms were therefore grouped in a similar method as explained by Ares, 
Deliza et al. (2010). The number of significant attributes was therefore increased 
to better explain the differences between products. However, most attributes 
generated by consumers were not significantly applied. It should be noted, that 
given the large number of attributes generated, the post-analysis of the Napping 
methodology can be time-consuming when compared to the post-analysis of DA. 
Chapter five: A comparison of Napping to descriptive analysis with and without 
product training 
 
 
157 
 
Given that DA with the trained panel could significantly discriminate between 
products, the lack of significance by Napping with the consumer panel may be 
attributable to the generation of a wide number of descriptive terms (Perrin et al., 
2008), and a lack of a common understanding of those terms. Although consumers 
can confidently provide information on their likes and dislikes, when describing 
sensory sensations, they may not necessarily be able to accurately verbalise the 
reasons for their preferences. For this reason, the level of significance across 
attributes may not be at the level produced by the trained panel. 
 
This research identified a high level of common significant attributes when 
applying the Napping with UFP and DA methodologies. However, the confidence 
in the resultant significant attributes as determined by the untrained consumer 
panel assumes a common understanding of each of the descriptive terms. Thus, 
without a common understanding of the definition of each of the terms, the 
Napping with UFP methodology relies on the assumption that consumers are 
referring to the same sensory perception when articulating a given attribute. A 
lack of common understanding of the definitions of sensory attributes is a 
limitation of the Napping with UFP methodology, and therefore when precise 
definitions of the sensory attributes of products are required, DA is a more robust 
and reliable evaluation tool. However, this research has shown that a large pool 
of untrained consumers may produce comparable product profiles to that of a 
highly trained DA panel. Being that Napping with UFP is able to confidently provide 
product configurations comparable to those produced via DA, as well as similar 
descriptive terms to describe each of the products, Napping with UFP applied by 
a larger pool of assessors would be appropriate in the replacement of DA when 
time is limited. However, it must be noted that recruiting a large pool of assessors 
may also be time-consuming, and therefore use of a pre-recruited DA panel may 
be more appropriate. 
  
Chapter five: A comparison of Napping to descriptive analysis with and without 
product training 
 
 
158 
 
5.5 Conclusion 
 
Given that strawberries are a seasonal fruit, and not harvested all year round, time 
is a limitation on strawberry research when an understanding of the sensory 
characteristics is required. It may not be feasible to train a panel in the descriptive 
language of strawberries when the strawberry harvest is short. Therefore, the 
rapid nature of the Napping methodology may overcome these limitations, as the 
absence of training in these methods allow for instantaneous results. This 
research identified similar product configuration maps via the Napping with UFP 
methodology using both a trained and untrained panel, when compared to the 
map produced via DA. Similar descriptive terms were identified via the Napping 
with UFP methodology to those produced via DA, however the lack of a common 
descriptive language when using an untrained consumer panel limits its use. 
Therefore, under time constraints, Napping with UFP using a large number of 
untrained consumers has proven to be an appropriate alternative to DA. 
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6 Chapter six: Check-All-That-Applies (CATA) 
as an alternative to descriptive analysis to 
identify key flavours in strawberries 
driving liking  
 
*This study has been published in the Journal of Sensory Studies (2018) as ‘Check-
All-That-Applies (CATA) as an alternative for Descriptive Analysis to establish 
flavors driving liking in strawberries’. 
 
6.1 Introduction 
 
The food industry is constantly evolving, with consumers increasingly dictating the 
products available on the market (Costa & Jongen, 2006; Jaeger, Rossiter, Wismer, 
& Harker, 2003). Historically, the food industry was slow paced, with modest 
changes taking place over time. Food innovation was driven primarily by the 
industry itself through the minimisation of production costs (Bigliardi & Galati, 
2016). In recent years, however, there has been a shift toward consumers driving 
innovation of food products within the food industry, through informing food 
developers of products they would like to consume (Linnemann, Benner, Verkerk, 
& van Boekel, 2006). To ensure food companies remain competitive within the 
industry, it is therefore imperative they have a sound understanding of consumer 
needs (Linnemann et al., 2006). The importance of consumer research is thus 
critical to guide product innovation to meet consumer demands. Therefore, it is 
essential that sensory and consumer research methodologies remain relevant to 
adequately provide the best practice in product evaluation and guidance, together 
with ensuring adequate speed of results to keep up with the fast-paced industry 
(Moskowitz, Li, Bolini, & Batalvi, 2016; O'Sullivan, 2017b). 
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With the evolution of the food industry, there has been a recent shift within 
sensory research to the use of rapid tools as a replacement for the traditional 
descriptive analysis (DA) approach (Dehlholm et al., 2012; Delarue, 2015; Varela 
& Ares, 2012). Traditionally, DA methods using a highly trained panel provide 
product sensory profile data, describing and quantifying sensory attributes, to 
assist in formulation modifications and product development, whilst the 
consumers provide the acceptance data (Arditti, 1997). Quantitative Descriptive 
Analysis™ (QDA™) is one such traditional DA method using a highly trained panel 
to evaluate products (Stone et al., 1974). Given the requirement of precise sensory 
profile definitions when using this methodology, panel members employed for 
this research should be highly discriminating as well as possess the ability to 
readily articulate product characteristics (Stone et al., 1974). Following the 
generation of product sensory profiles, consumer acceptance data is collected, 
after which preference mapping (PM) techniques are applied to the combined 
data to determine the sensory preferences of consumers (Guinard et al., 2001; 
Jaeger et al., 2003). However, with the demanding nature of traditional DA 
methods, and thus the high level of training required to collect the sensory profile 
data, such methodologies are time consuming and expensive (Delarue, 2015). 
Using a trained panel to provide the sensory product profiles may therefore not 
always be suitable in the fast-paced nature of the food industry. Within product 
research and development, the increasing need for fast results has therefore 
resulted in the application of the abundance of newly developed rapid tools within 
sensory science (Dehlholm et al., 2012; Delarue, 2015; Varela & Ares, 2012). 
 
The use of rapid tools in product research and development was originally applied 
to save companies time and money when evaluating products (O'Sullivan, 2017a). 
The application of rapid tools negates the need for a training period, thus products 
can be rapidly profiled without the cost and time associated with training a panel. 
Check-All-That-Apply (CATA) is one such rapid tool that has been recently applied 
in sensory and consumer science (Ares et al., 2014; Bruzzone et al., 2015; Campo, 
Ballester, Langlois, Dacremont, & Valentin, 2010; Dooley et al., 2010; Jaeger et al., 
Chapter six: Check-All-That-Applies (CATA) as an alternative to descriptive 
analysis to identify key flavours in strawberries driving liking  
 
 
161 
 
2013a; Jaeger et al., 2013b; Varela & Ares, 2012). CATA was originally used in the 
marketing industry, however in recent years, this approach has been adapted for 
use with sensory data (O'Sullivan, 2017a). 
 
Initially, trained panels were employed to use this method as a rapid tool to 
provide information regarding the descriptive sensory profile (Campo et al., 2010). 
However, recently this method has also been applied with the use of consumers 
(Ares et al., 2014; Bruzzone et al., 2015; Dooley et al., 2010; Jaeger et al., 2013a; 
Jaeger et al., 2013b; Varela & Ares, 2012). The application of this methodology 
with consumers is therefore able to provide product developers with insight into 
the consumer, so that they best develop a product to meet consumer demands. 
Therefore, although the replacement of traditional DA methods with rapid 
alternatives primarily saves companies time and money, their benefit is twofold, 
as companies are equipped with the tools to gain further insight into the 
consumer. 
 
CATA employs a list of terms that describe the product of interest, and in a 
multiple choice style approach, assessors are required to select all terms that 
apply to the product under test (O'Sullivan, 2017a). Given that no quantitative 
data is collected, CATA data is qualitative in nature, and thus does not provide the 
magnitude of difference between samples. For this reason, the samples that have 
typically been used for this process are very simple in nature, with large 
differences within the sample set. Research comparing CATA to traditional DA 
methods have found the outputs to be comparable, given that the products are 
simple in nature or exhibiting clear differences within the product set (Ares et al., 
2015; Bruzzone et al., 2015; Dooley et al., 2010). Initial validation work to 
understand the use of CATA amongst sample sets with fewer differences, and a 
greater level of complexity, additionally identified these CATA product 
characterisations to be comparable to DA (Ares et al., 2015). However, these 
similarities were not as pronounced as amongst those samples with greater 
differences or a lower level of complexity. Thus, to ensure small differences, 
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together with a higher level of detail, is captured when products share greater 
similarity or are of a greater complexity, the number of consumers required to 
ensure a more stable sample configuration needs to be increased (Ares et al., 
2015; Ares et al., 2014). Therefore, if employing a larger pool of consumers to 
undertake CATA, this may overcome the limitations noted when samples are two 
similar or complex in nature.  
 
Strawberries are one such fruit, complex in nature, with small differences 
between cultivars. For this reason, strawberries are generally marketed without 
being distinguished by their cultivar. Research has however revealed that trained 
panellists, as well as consumers, are able to detect differences between cultivars 
(Bursac et al., 2007; Jetti et al., 2007; Péneau et al., 2007; Rosenfeld & Nes, 2000). 
If strawberries on the market are not distinguished by cultivar, consumers are 
unable to identify those for which they have a preference. This may influence their 
decision to purchase strawberries due to the variability in product from one 
purchase to the next. It is therefore important for the future of Australian 
strawberry breeding programs, to understand whether consumers can articulate 
differences between cultivars, and if this translates to preferences. 
 
The focus of current Australian breeding programs is on the development of 
strawberries that are well-liked and meet consumer demands for a flavoursome 
fruit (Horticulture Australia Limited, 2012). To facilitate these breeding programs, 
and produce a strawberry expressing the ideal flavours, it is necessary to identify 
the flavours associated with liking in current commercially available cultivars, so 
that breeders ensure well-liked flavours are expressed in newly developed 
cultivars. Consumer acceptability is an important aspect of product research and 
development, to ensure consumer demands are adhered to (Kemp et al., 2009). 
Consumer research reveals a preference for strawberries with increased 
sweetness (Ares et al., 2009; Colquhoun et al., 2012; Jouquand et al., 2008; Lado 
et al., 2010; Lado et al., 2012; Schwieterman et al., 2014; Vicente et al., 2014), and 
a complex and intense strawberry flavour (Ares et al., 2009; Colquhoun et al., 
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2012; Lado et al., 2010; Lado et al., 2012; Schwieterman et al., 2014). However, 
limited research has explored the complexity of strawberry flavour, to further 
understand the key attributes primarily driving consumer liking. Initial research 
applying CATA to strawberries identified differences between cultivars via the use 
of consumers (Lado et al., 2010). These differences did not, however, transfer to 
liking, therefore the key attributes driving liking were unable to be established. It 
is therefore important to determine which sensory attributes of strawberries are 
driving liking, as this will assist Australian breeding programs develop strawberries 
to meet consumer demands.  
 
Consumers are readily able to articulate their likes and dislikes, although may not 
be as attuned to identifying attributes linked to these preferences. For this reason, 
consumers are generally engaged to provide acceptance data, whilst a trained 
panel is employed to describe the sensory attributes of the relative products. It is 
important however, to understand whether differences noted by consumers, 
translate to similar differences via the use of a trained panel. Research has not yet 
validated the use of CATA via comparison with traditional DA in strawberries. 
External preference mapping (EPM) is the methodology that combines both 
consumer preferences and sensory data to explain consumer liking (Arditti, 1997). 
This technique uses statistical methods to overlay consumer preference data onto 
the perceptual sensory maps produced via DA (Arditti, 1997). However, with the 
recent introduction of rapid tools employing consumers to profile products, CATA 
has been applied to the same preference mapping (PM) techniques (Parente, 
Manzoni, & Ares, 2011).  
 
CATA data can be compared to that of a trained sensory panel undertaking 
traditional DA, to validate this tool for use with strawberries. This will aid in 
determining its suitability as an alternative to determine attributes driving 
consumer liking. Liking data, together with CATA, will be useful in understanding 
how the consumer perceives the sensory attributes of strawberries, and how 
these translate to liking. The validation of CATA as an alternative to traditional DA 
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may then be used by breeding programs to save time and money in developing a 
strawberry cultivar to meet consumer needs. Both DA and CATA data can 
therefore be subjected to EPM techniques to verify consumer ability to articulate 
attributes linked to liking and disliking. 
 
Therefore, the objective of this research was to determine the suitability of CATA 
to profile strawberries, and assess consumer aptitude in articulating attributes 
driving liking, via the comparison with traditional DA. 
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6.2 Methods 
6.2.1 Samples 
 
Strawberries were harvested from Golden Vale Strawberries, Proprietary Limited, 
Coldstream, Victoria, over the 2014 and 2015 Australian Summer. The cultivars 
harvested were the Californian F. ananassa cv Albion and cv San Andreas, and the 
Melbourne F. ananassa cv Melba. Upon harvest, strawberries were transported 
to Deakin University, Melbourne, Australia, and subsequently stored in 
refrigerated conditions at 4°C until the time of testing. Strawberries were 
classified according to maturation stage, with strawberries that had experienced 
deterioration via water damage or bruising, as well as those that were firm to 
touch and not of a uniform red colour, omitted from testing, hence only 
strawberries of ideal maturation were evaluated. 
 
 
6.2.2 Analytical testing 
 
Informed consent was provided by all participants included in this research, 
approved by the Human Ethics Advisory Group, Faculty of Health (HEAG-H 
105_2012). Those that smoked, were pregnant or lactating, possessed any food 
allergies, or were affected by any medical condition altering taste perception, 
were excluded from partaking in the current study. Evaluations for analytical 
testing were conducted using Compusense® Cloud (Guelph, ON), at the Centre of 
Advanced Sensory Science (CASS), Deakin University, Melbourne, Australia. 
Strawberries were evaluated in individual testing booths, in a well-lit, ventilated 
room, and under ambient (20-22°C) conditions. In the two hours prior to testing, 
panellists were instructed to abstain from brushing their teeth, and eating or 
drinking, with the exception of water, and to avoid wearing cosmetics with a 
fragrance, or exposure to areas associated with strong fragrances. 
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Ambient strawberries were cut in half, with both halves placed in a clear plastic 
30mL medicine cup, each cup blinded by a three-digit randomized code. Six 
strawberries were subsequently presented in a balanced randomized order (three 
cultivars in blind duplicate, with duplicate samples from the same harvest to 
assess reproducibility of each of the panels applying each approach). Deionised 
water and Arnott’s plain, dry crackers were supplied to panellists to cleanse the 
palette between samples. Upon evaluating three samples, panellists were 
additionally allotted ten-minute breaks to minimise any sensory fatigue. 
 
6.2.3 Descriptive Analysis 
 
Twelve female panellists aged between 23 and 62 years (mean age of 43 ± 15 
years), were recruited and screened from a pool of 58 regular consumers of the 
category. Prior to this research, each panellist averaged 60 hours’ experience in 
the descriptive analysis of strawberries. ISO standards 8586-1 and 8586-2 
(International Organization for Standardization (ISO), 1993, 2008) were adhered 
to for the screening and training of a DA panel, with the panel specifically trained 
in techniques consistent with the QDA™ methodology (Lawless & Heymann, 
2010). Panellists selected via the screening period were done so on the basis of 
their high sensory acuity and ability to readily articulate sensory attributes. 
Following screening, panellists were trained in the descriptive language of 
strawberries. Panellists were familiarised with a wide variety of strawberries 
available on the Australian market, and subsequently agreed upon a language to 
describe both the product category and sensory variation. 
 
In vocabulary development sessions, the panel leader mediated group discussions 
to remove any unnecessary attributes and group similar terms. The panel then 
reached a consensus on the final attribute list, and subsequently defined each of 
the terms, and determined product references for each. The final attribute list 
consisted of two appearance, six aroma, one texture, four mouthfeel and seven 
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flavour attributes (see Table 6.1 for the list of sensory attributes). To assess a 
common understanding of attributes, pureed strawberries were spiked with the 
reference product at various concentrations, and subsequently assessed. To 
ensure panellists were aligned on each attribute, panellists practiced the use of 
terms with 15-cm unstructured line scales anchored by ‘not present’ to ‘very 
strong’. Frequent checks via open discussion with the panel leader ensured the 
panel were understanding terms and evaluating products in the same way.  
 
Using the DA techniques applied during training, the trained sensory panel 
subsequently assessed the appearance, aroma, texture, mouthfeel and flavour of 
three commercial cultivars throughout the testing period. Panellists evaluated, 
and subsequently quantified each attribute, using 15-cm intensity scales to 
determine any sensory variation between cultivars (refer to Chapter 2 for further 
detail on these methods). 
 
6.2.4 Check-All-That-Applies 
 
An untrained consumer panel comprising of 131 strawberry consumers (85% 
female, mean age of 23 ± 5 yrs.) with no previous experience in the sensory 
analysis of foods, were recruited from Deakin University, Melbourne, Australia. 
During product evaluations, panellists tasted each of the three strawberry 
cultivars in duplicate, in a monadic randomised order. Upon tasting each sample, 
panellists were instructed to select all attributes that applied to that sample from 
a list of seventeen sensory attributes. Existing language from the literature was 
initially compiled (Bursac et al., 2007; Du et al., 2011; Gunness et al., 2009; 
Schulbach et al., 2004), together with additional attributes generated via a trained 
sensory panel. Seventeen of the most frequently used terms were included in the 
final CATA attribute list (see Table 6.2 for descriptive terms). The consumer panel 
was subsequently briefed on the attribute list to provide an overview of term 
definitions. 
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Table 6.1 A strawberry lexicon as devised by a trained sensory panel via QDA™. 
Modality Attribute Definition Product reference 
Appearance 
Red colour The intensity of red colour from light to dark Strawberries varying widely in colour 
Length The length of the strawberry from short to elongated  Strawberries varying widely in size 
Aroma 
Berry The aroma associated with a combination of mixed berries Combination of mixed frozen berries (raspberries, blackberries, blueberries), thawed 
Caramel The aroma associated with aromatics of cooked sugar syrup Freshly cooked caramel 
Earthy Aromatic associated with dirt or soil, cut tree stump, tree branch or wood Fresh soil, mushroom 
Floral Sweet, fragrant aromatic associated with flowers, perfume and potpourri Combination of fresh flowers 
Fruity Sweet, intense aromatic associated with a combination of mixed fruit; pineapple, melon, apple, grape 
Combination of mixed, cut fruit (pineapple, melon, 
apple, grape) 
Green An unripe aroma characterised by cut grass and unripe or green fruit 20g/L cis-3-hexen-1-ol 
Texture Firmness Degree of firmness, from soft to firm Marshmallow soft to apple firm 
Mouthfeel 
Juiciness Degree of presence of fluid, from low to high A juicy orange 
Fibrous Presence of long, stringy fibres, from low to high Unripe mango 
Gritty Degree of grainy, sandy texture, characterised by a high presence of seeds, from ow to high Grainy bread (chia, cape seed) 
Astringent Feeling in the mouth characterised by drying; associated with the presence of tannins 1.0g/L Tannic acid solution 
Flavour 
Berry The flavour associated with a combination of mixed berries Combination of mixed frozen berries (raspberries, blackberries, blueberries), thawed 
Candy The intensely artificial sweetness associated with the flavour of cooked sugar Freshly cooked caramel/candy sweets 
Earthy Aromatic associated with dirt or soil, cut tree stump, tree branch or wood Fresh soil, mushroom 
Fruity Sweet, intense flavour associated with a combination of mixed fruit; pineapple, melon, apple, grape 
Combination of mixed, cut fruit (pineapple, melon, 
apple, grape) 
Green An unripe flavour characterised by cut grass and unripe or green fruit 20g/L cis-3-hexen-1-ol 
Sweet Taste associated with sucrose 24g/L Sucrose solution 
Sour Taste associated with acid 1.2g/L Citric acid solution 
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Table 6.2 CATA descriptors as compiled from the literature and a trained sensory panel (Bursac 
et al., 2007; Du et al., 2011; Gunness et al., 2009; Schulbach et al., 2004). 
Check All That Applies Descriptive Terms 
Apple aroma Earthy flavour Juicy 
Astringent Firm Seedy 
Berry flavour Floral aroma Soft 
Candy flavour Fruity flavour Sour flavour 
Caramel aroma Grape aroma Sweet flavour 
Citrus aroma Green aroma  
 
 
6.2.5 Acceptance testing 
 
One hundred and thirty-nine strawberry consumers (67% female, mean age of 46 
± 9 yrs.) were recruited at the La Trobe University Community Market, Melbourne, 
Australia, on the basis that they were over 18, and regular consumers of 
strawberries. Informed consent was provided prior to the commencement of 
testing. A second consumer panel was used for hedonic testing to ensure they 
were representative of the general population. Furthermore, using one panel to 
assess liking allows consistency when establishing the attributes contributing to 
consumer preferences for both approaches. Strawberries were cut in half and 
blinded by a three-digit randomized code, and subsequently presented to 
participants in a balanced randomized order, in 30mL clear plastic medicine cups. 
The untrained consumer panel rated their liking on the same sample set as used 
for sensory profiling (three strawberry cultivars in blind duplicate). Participants 
were instructed to evaluate strawberries for their liking using a hedonic general 
labelled magnitude scale (HgLMS) (Lim, 2011), ranging from ‘strongest imaginable 
like’ at 100 to ‘strongest imaginable dislike’ at -100. 
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6.2.6 Statistical analysis 
 
Data analysis was undertaken via the statistical analysis program XLSTAT-Sensory 
Version 2016.01.26779. An analysis of variance (ANOVA) was performed on all DA 
data, considering cultivar, assessor, and their interaction as fixed variables. 
Significant differences between cultivars were established via a post hoc Tukey’s 
test, when p≤0.05. To graphically represent the relationship between the sensory 
attributes amongst strawberry cultivars, a principal component Analysis (PCA) was 
subsequently applied to the panel mean attribute data scores. 
 
Frequency scores of CATA attributes that pertained to each sample were 
ascertained via counts of the number of consumers applying an attribute to a 
given sample. Cochran’s Q test was performed on the raw binary CATA data to 
determine significance amongst samples for each sensory attribute, when p≤0.05. 
To illustrate the relationship between cultivars and sensory attributes as 
established via CATA, correspondence analysis (CA) was performed on the 
subsequent contingency table produced, considering chi square distances. CATA 
was subsequently compared to the DA method, via a multiple factor analysis 
(MFA) on the factor scores of the resultant CA and PCA, to determine the RV 
coefficient. 
 
Consumer hedonic data was analysed via ANOVA with a post hoc Tukey’s test to 
establish significant differences when p≤0.05. Consumer clusters were identified 
to group those with preferences in the same direction via hierarchical cluster 
analysis (HCA) with Euclidean distances and Ward’s method. ANOVA with a post 
hoc Tukey’s test determined whether the clusters significantly differed in liking 
scores, when p≤0.05. EPM was then applied to the first two dimensions of both 
the DA sensory data, and the CATA frequency data, to explain consumer 
preferences by their sensory attributes via each approach. To select the best 
model for EPM, an F-ratio test was applied to the consumer hedonic ratings, with 
a p≤0.05 significance level, via PREFMAP “find the best model” (Addinsoft, New 
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York, NY). Preference maps for both approaches were additionally generated for 
each identified cluster to determine similarities in attributes contributing to liking 
amongst different consumer groups. 
 
 
  
Chapter six: Check-All-That-Applies (CATA) as an alternative to descriptive 
analysis to identify key flavours in strawberries driving liking  
 
 
172 
 
6.3 Results 
6.3.1 Consumer liking 
 
There were significant differences in hedonic ratings of the three commercial 
strawberry cultivars, F(2,138) = 2.179, p <0.001 (Figure 6.1), with the commercial 
Californian-bred Albion cultivar liked significantly more than both the Californian-
bred San Andreas, and Melbourne-bred Melba.  
 
 
 
 
 
 
*Strawberries sharing a letter are not significantly different at p<0.05 
 
Figure 6.1 Consumer mean hedonic ratings of three commercial strawberry cultivars grown in 
Victoria, Australia. 
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HCA identified two consumer clusters (Figure 6.2), with cluster 1 comprising 35 
consumers, and cluster 2, 104 consumers. ANOVA identified significant 
differences in hedonic ratings of Albion (F=29.398, p<0.001) and San Andreas 
(F=33.084, p<0.001) between the two clusters. Cluster 1 had significantly higher 
mean ratings of the San Andreas cultivar, and Cluster 2, the larger of the two 
clusters, had significantly higher mean ratings for the Albion cultivar, with neither 
cluster preferring the Melba cultivar (see Table 6.3 for hedonic cultivar means 
according to cluster). 
 
 
 
Figure 6.2 Consumer clusters identified for liking of the three commercial strawberry cultivars 
grown in Victoria, Australia. 
 
 
Table 6.3 Mean hedonic values established via ANOVA of the three strawberry cultivars for each 
identified consumer cluster. 
 Albion Melba San Andreas 
Cluster 1 -10.2 b 3.5 a 24.0 a 
Cluster 2 19.1 a -6.1 a -13.9 b 
 
Attributes sharing a letter within the same column are not significantly different at p<0.05. 
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6.3.2 Trained panel sensory profiles 
 
Results indicate that the trained sensory panel successfully discriminated between 
samples, with 75% of attributes significantly applied as determined via ANOVA. 
Table 6.4 displays the significant attributes applied, describing differences 
between cultivars. Attributes that were indicators of ripening level, green flavour, 
and astringent, fibrous and gritty texture, did not describe cultivar differences, 
with all other attributes significant distinguishers. 
 
Figure 6.3 displays the subsequent PCA on the mean trained panel sensory 
profiling data. The first two components of the resultant PCA on the trained panel 
sensory data explained 68% of the total variance within the sample set, with 36% 
of the variance in the sample set explained by PC1, and 32% of variance explained 
by PC2. PC1 was highly correlated with sweet flavour, together with a berry, floral 
and fruity aroma. Conversely, earthy and fruity flavour attributes were correlated 
with PC1 in the opposing direction. PC2 was highly correlated with colour and 
textural attributes, together with green, sour, candy and berry flavour attributes. 
Given that 34% of the variance in the sample set was unaccounted for in the first 
two dimensions, it is therefore logical to consider the third dimension. PC3 (not 
visually depicted) accounted for 14% of the total variance, explaining the variance 
within the sample set in caramel aroma, as well as fibrous and juicy attributes. The 
total variance in the first three dimensions thus accounted for 81% within the 
sample set. These results suggest the trained panel were able to identify multiple 
dimensions of variance within the sample set, via the DA methodology. 
 
 
6.3.3 CATA sensory profiles 
 
The analysis of CATA results, via a Cochran’s Q test, was able to adequately 
distinguish between cultivars, with 59% of attributes significantly applied (see 
Table 6.5 for CATA p values). 
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Figure 6.4 displays the CA on the contingency table of the CATA data. The first two 
dimensions of the CA produced from the CATA contingency table data accounted 
for 85% of the variance noted within the samples. The first dimension depicts the 
variance in the sample set attributable to sweet and sour, with sweet highly 
correlated with the first dimension, and sour also highly correlated, however in 
the opposing direction. Sweet was associated with candy, caramel, berry, fruity 
and floral attributes, of which were also explained in the first dimension. Sour was 
associated with green notes, and similarly characterised by the first dimension, in 
the opposing direction to attributes associated with sweet. The variance in 
textural attributes are explained in the second dimension, with astringent, seedy 
and firm highly correlated with this dimension in one direction, and soft and juicy 
attributes correlated in the opposing direction. 
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Table 6.4 F values established via ANOVA for each of the sensory attributes profiled by the trained sensory panel applying the DA methodology.   
 Appearance  Aroma    
Attribute Red colour Length  Berry Caramel Earthy Floral Fruity Green 
   
F value 12.125*** 1.596  4.853* 2.956* 5.082* 4.339* 6.778* 3.924* 
   
 Flavour Texture/Mouthfeel 
Attribute Berry Candy Earthy Fruity Green Sour Sweet Astringent Fibrous Firmness Gritty Juicy 
F value 6.528** 3.812* 5.426** 6.106** 1.737 4.544* 10.915*** 1.401 1.415 3.407* 2.047 3.312* 
*Significant at p<0.05 
**Significant at p<0.01 
***Significant at p<0.001 
 
 
Table 6.5 p values established via chi-square analysis for each of the sensory attributes profiled by the untrained consumer panel via CATA. 
 Aroma           
Attributes Apple Caramel Citrus Floral Grape Green      
p-values 0.453 0.018* 0.377 0.236 0.096 0.000***      
 Flavour      Texture/Mouthfeel    
Attributes Berry Candy Earthy Fruity Sour Sweet Astringent Firm Soft Seedy Juicy 
p-values 0.052 0.062 0.001** 0.006** 0.005** 0.000*** 0.887 0.011* 0.681 0.041* 0.153 
*Significant at p<0.05 
**Significant at p<0.01 
***Significant at p<0.001 
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Figure 6.3. PCA plot displaying the first two principal components explaining 68% of the variance 
via DA. 
 
 
 
Figure 6.4. CA plot displaying the first two factors explaining 85% of the variance via CATA. 
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6.3.4 Comparison of significant attributes 
 
Significant attributes describing strawberries were compared between DA and 
CATA, with CATA identifying fewer significant attributes than DA, with those 
deemed not significant being of a greater complexity. When comparing only the 
common attributes used across methods however, 91% were significantly applied 
via DA, in comparison with 64% via CATA. A comparison of the attributes 
significantly applied via the two methods, identifies consistencies across the 
earthy, fruity, green, sweet and sour attributes (see Table 6.5 for the attributes 
significantly describing each of the cultivars for each methodology). Berry and 
candy attributes were significantly applied via DA (p<0.05), and close to reaching 
significance via CATA (significant at p<0.1). To determine whether the CATA 
frequency count was indicative of intensity of each of the attributes, the 
commonly applied significant attributes (with significance of at least p<0.1) were 
correlated between the two methods. The DA intensity ratings for sweet, fruity, 
berry and green were highly correlated with the relative CATA frequency counts, 
with R2 values of 0.89, 0.82, 0.67 and 0.64 respectively. 
 
 
Table 6.5 Comparison of attributes significantly applied via ANOVA and chi-square analysis for 
each strawberry cultivar using the different methodological approaches. 
Cultivar Modality 
DA with trained sensory 
panela 
CATA with untrained consumer 
panelb 
Albion 
Aroma Berry, floral, fruity Caramel, fruity 
Flavour Berry, candy, sweet Berry, candy, sweet 
Texture/Mouthfeel Firm  
Melba 
Aroma Fruity, green Green 
Flavour 
Candy, earthy, fruity, 
sour 
Earthy, sour 
Texture/Mouthfeel Juicy Firm, seedy 
San Andreas 
Aroma Caramel, earthy Green 
Flavour Berry, earthy, fruity Sour 
Texture/Mouthfeel Firm  
a Significant attributes describing products via ANOVA (p<0.05) 
b Significant attributes describing products via Cochran’s Q (p<0.1) and applied by at least 2 assessors 
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6.3.5 Comparison of product configurations 
 
A comparative MFA on the output of both the DA and CATA data reveal the 
methods are comparable, with an RV coefficient of 0.76. Both the PCA on the 
mean DA data and the CA on the contingency table of the CATA data reveal 
cultivar duplicates in close proximity. The resultant product configurations of both 
approaches suggest the inter cultivar differences are greater than intra cultivar 
differences, with the resultant outputs successfully distinguishing between 
cultivars. 
 
 
6.3.6 Preference mapping 
 
External preference maps depicting all consumers, for both the DA and CATA 
sensory profiling data, identified Albion as the commercial cultivar that would 
satisfy the highest percentage of consumers, with between 70 and 80% consumer 
satisfaction (see Figure 6.5 and 6.6). The DA methodology identified sweet, berry, 
floral and fruity to be associated with liking, together with an increase in red 
colour intensity, with these attributes highly correlated. The CATA sensory 
profiling data similarly revealed sweet, berry and floral to be highly associated 
with liking, as well as caramel and candy attributes. Negative drivers of liking as 
identified via DA profiling were green, earthy and fruity, whilst CATA similarly 
identified green, as well as sour and citrus attributes. 
 
A comparison of the two approaches when consumers were clustered according 
to their preferences, reveal differences in attributes associated with liking within 
cluster 1, dependent upon the approach used. EPM applied to the DA data 
revealed cluster 1 to prefer strawberries high in earthy, fruity, green and berry 
attributes, with EPM applied to the CATA results indicating this cluster preferred 
strawberries high in sour, grape and citrus (Figures 6.7 and 6.8). Both DA data and 
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CATA data are however in agreement that cluster 2, the largest cluster, preferred 
strawberries that were sweet, berry, floral and fruity (Figures 6.9 and 6.10). 
 
Figure 6.5 External preference map of DA profiling data displaying 68% of the total variance, and 
overlayed by consumer liking data. 
 
Figure 6.6 External preference map of CATA profiling data displaying 91% of the total variance, 
and overlayed by consumer liking data. 
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Figure 6.7 External preference map of DA profiling data displaying 68% of the total variance, and 
overlayed by cluster 1 consumer liking data. 
 
 
 
 
Figure 6.8 External preference map of CATA profiling data displaying 91% of the total variance, 
and overlayed by cluster 1 consumer liking data. 
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Figure 6.9 External preference map of DA profiling data displaying 68% of the total variance, and 
overlayed by cluster 2 consumer liking data. 
 
 
Figure 6.10 External preference map of CATA profiling data displaying 91% of the total variance, 
and overlayed by cluster 2 consumer liking data. 
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6.4 Discussion 
6.4.1 Consumer liking 
 
The commercial Albion cultivar was significantly preferred over both San Andreas 
and Melba cultivars. However, overall preference does not insinuate a product 
has universal appeal. HCA identified two distinct clusters, suggesting that neither 
cultivar was universally preferred. The two identified clusters similarly had low 
mean hedonic ratings for the Melba cultivar, the differences between clusters 
driven by differences in preference patterns for the Albion and San Andreas 
cultivars. Flavour perception and preference is unique to the individual consumer 
(Miller Jr & Reedy Jr, 1990), thus all strawberries will not appeal to all consumers. 
These findings suggest that the attributes driving liking may be unique to different 
consumer groups displaying differing preference patterns. Therefore, when 
drawing conclusions regarding key sensory attributes driving liking, it is important 
to consider both the differences in assessment methodology of assessing the 
sensory attributes, as well as the differences between different consumer 
clusters. 
 
 
6.4.2 Trained panel sensory profiles 
 
Although the sample set was a limited representation of the product category, the 
DA data was still able to readily distinguish between cultivars on many of the 
sensory attributes applied. This finding is supported by previous research, 
indicating that a trained sensory panel is highly attuned to uncover acute 
differences between strawberry cultivars (Bursac et al., 2007; Jetti et al., 2007; 
Péneau et al., 2007; Rosenfeld & Nes, 2000). Lack of significance however, was 
evident in some attributes via DA as a result of samples not differing in maturation 
stage. The green, under-ripe note is affected by alcohol and aldehyde 
concentration, and with ripening a reduction in these chemicals are evident 
Chapter six: Check-All-That-Applies (CATA) as an alternative to descriptive 
analysis to identify key flavours in strawberries driving liking  
 
 
184 
 
(Vandendriessche et al., 2013). Polyphenols are responsible for astringency in fruit 
(Ozawa et al., 1987), and have been identified as changing with strawberry 
ripening. Additionally, as strawberry fruit ripens, the cell wall degrades due to the 
role of pectolytic enzymes in ripening fruit (Draye & Van Cutsem, 2008), therefore 
producing fruit with a reduction in perceived fibrous and gritty texture. Thus, the 
lack of significance in these attributes can be attributed to the strawberries being 
of a similar ripening level.  
 
 
6.4.3 CATA sensory profiles 
 
There was a reduction in attributes significantly applied via CATA, when compared 
to DA, this result potentially attributable to the narrow sample set that was not 
representative of total variation within the product category. Thus, without 
training to establish a common understanding of sensory terms, consumers may 
be less attuned to acute product differences. Therefore, the lack of a common 
understanding of the terms included in the CATA attribute list may reduce the 
likelihood of reaching significance. This finding is in agreement with previous 
research, indicating that training is crucial in ensuring a common understanding 
of sensory attributes, so that significance may be reached (Labbe, Rytz, & Hugi, 
2004). 
 
The CA produced from the CATA data provided a summarized representation of 
the relevant products, with a high level of variance within the sample set 
explained in these two dimensions. Previous research has similarly identified a 
high level of variance explained within the first two dimensions via CATA (Antúnez 
et al., 2017; Ares et al., 2015). This result is potentially due to there being a finite 
list of terms for consumers to select from. This finite list used in CATA instigated 
each descriptor to be awarded equal relative importance, thus with limited 
variation in the attributes describing the sensory profile of products, the 
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subsequent CATA output may account for much of the variation within the first 
two dimensions. Although the CA output of the CATA results established a high 
level of variance in the first two dimensions, majority of this variance (71%) was 
explained in the first dimension, alluding to this configuration being uni-
dimensional. This is in direct comparison to the resultant PCA from the DA results, 
whereby 36% of the variance was explained in the first dimension, indicating this 
methodology has the ability to account for multiple dimensions. Ares et al. (2015) 
suggested that CATA data is uni-dimensional in nature due to consumers’ inability 
to identify smaller differences within a sample set, and thus the large differences 
are explained in a single dimension. It must also be noted that the panel mean age 
was quite young, and skewed towards females, and therefore needs to be taken 
into consideration when interpreting the CATA results. 
 
6.4.4 Comparison of significant attributes 
 
Significant attributes describing strawberries were compared for the two 
methodologies, with CATA identifying fewer significant attributes than the DA 
methodology. Previous research has similarly reported the number of significant 
attributes to be reduced via CATA, when compared to traditional DA methods 
(Antúnez et al., 2017; Ares et al., 2015). Given the binary nature of the CATA data, 
and thus the inability to differentiate between attributes that are common to the 
sample set in qualification, however not in intensity, this result supports the 
notion that DA is better equipped to uncover smaller differences between 
samples, that may be unable to be established via CATA. 
 
 
6.4.5 Comparison of product configurations 
 
The RV coefficient is commonly used to assess the similarity between two sets of 
variables (Josse, Pagès, & Husson, 2008). The comparison of the product 
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configurations of the two methods, via the RV coefficient, reveals CATA to be 
comparable to DA. This result is in agreement with previous research that has 
similarly found CATA to produce product configurations representative of the 
output of DA (Antúnez et al., 2017; Ares et al., 2015; Bruzzone et al., 2015; Dooley 
et al., 2010). Contrary to previous findings (Antúnez et al., 2017), the use of binary 
data via CATA did not limit consumers ability to distinguish between products. The 
resultant CA produced from the CATA data, indicated that consumers possess the 
ability to distinguish between products, with duplicate samples positioned in close 
proximity. This can be attributed to the high correlations between the frequency 
counts of consumers, with the intensity ratings of the DA data, for some of the key 
sensory attributes of strawberries.  
 
The first principal component via both the resultant CA on the CATA data, and the 
PCA output from the DA data were comparable, explaining variation in sweet 
flavour, as well as attributes closely linked to sweetness. The second dimension as 
identified via CATA, together with the second and third dimensions as identified 
via DA, explained the variance within the sample set noted in textural attributes. 
These similarities indicate that the use of consumers to articulate differences 
between commercial strawberry cultivars is moderately comparable to that of DA. 
These findings are supported by previous research that have suggested the use of 
consumers applying CATA, result in similar descriptors to those used via DA with 
a trained sensory panel (Dooley et al., 2010). The PCA did however reveal three 
dimensions as identified via DA, distinguishing strawberries on more complex 
terms that consumers may lack an understanding of. Therefore, although CATA 
and DA are comparable, DA has the ability to ascertain a higher level of detail, as 
a result of the training in understanding a common lexicon, and subsequent 
alignment in quantification of the attributes. 
 
The training period commands a high level of agreement on attribute definitions, 
with alignment to product references a necessary step in defining each attribute. 
This step ensures panellists understand attributes in the same way, and 
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subsequently apply the terminology in a uniform manner. Thus, conventional 
descriptive profiling confidently provides a more in depth description of the 
sensory differences within a sample set (Moussaoui & Varela, 2010). Given that 
the consumers did not undertake a period of training, their relative understanding 
of each attribute in the CATA list may be unique to the individual. This finding is 
further supported by previous research applying a Repertory Grid approach, 
whereby consumers generate their own attributes to describe a sample set. Upon 
application of this approach, researchers documented agreement on many of the 
terms applied, however there was a lack of agreement across more complex 
attributes generated (Moussaoui & Varela, 2010). This highlights the potential 
inconsistency in the way consumers use some terminology. Therefore, the 
application of more complex terms may not be able to be explained by the CATA 
approach, as a result of the lack of training amongst consumers, and thus a 
common understanding of terms. 
 
Although intensity data is not collected via CATA, the frequency of selection of a 
given attribute has been demonstrated to be indicative of the intensity of the 
relative attribute in a given sample (Vandendriessche et al., 2013). This therefore 
highlights the importance of increasing the number of consumers to undertake 
CATA, so that it is large enough to expose differences between products of a more 
similar nature (Ares et al., 2015; Ares et al., 2014). 
 
The frequency of selection of attributes were however not all highly correlated 
with their relevant DA intensities. If an attribute is present in all products, at 
varying intensities, CATA will be unable to distinguish between products in 
relation to that attribute. This discriminatory ability of CATA is subsequently 
reduced amongst sample sets that are more similar in nature. Previous research 
has identified that the discriminatory power of CATA was reduced as the sample 
set increased in complexity and reduced in variation (Ares et al., 2015; Dos Santos 
et al., 2015). Therefore, when precise definitions and differences between sample 
sets are required, DA with a trained sensory panel is a more suitable approach 
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than the use of CATA with consumers. Thus, with sample sets such as strawberries, 
that are similar in sensory profile across cultivars for many attributes, CATA may 
not be able to discriminate as readily as when using a sample set with broader 
variation. 
 
 
6.4.6 Preference mapping 
 
A comparison of DA and CATA subjected to EPM techniques suggest that overall 
preference is driven by similar attributes in sweet, berry and floral. Sweetness has 
been commonly reported to be associated with liking in strawberries (Ares et al., 
2009; Colquhoun et al., 2012; Jouquand et al., 2008; Lado et al., 2010; Lado et al., 
2012; Schwieterman et al., 2014; Vicente et al., 2014), thus, the two approaches 
were in agreement with the literature on this attribute. Both approaches 
additionally identified more complex flavours, in berry and floral, to be associated 
with liking. Further chemical analysis of these cultivars could reveal which 
chemical compounds are related to the specific attributes that may be driving 
liking. 
 
In understanding the attributes negatively associated with liking when accounting 
for overall preference, there were similarities between approaches. Both 
methodologies identified green as being associated with disliking. In addition, DA 
profiling identified fruity flavour as negatively driving liking, whilst CATA described 
these strawberries as citrus. The use of fruity and citrus attributes via each of the 
methodologies may be closely linked, as terpenes are responsible for both the 
fruity and citrus aroma in strawberries (Azodanlou et al., 2003). Thus, the 
discrepancy in terminology via the two panels may be attributable to the lack of 
training in ensuring a common understanding of attributes within the consumer 
panel. The DA panel further identified earthy as being negatively associated with 
liking, whilst CATA described these strawberries as sour. This result suggests that 
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consumers may not be as adept to the complexity of terms such as earthy, and 
accordingly use more commonly understood terms such as sour. 
 
Individual differences in liking indicate liking of strawberries is complex, and 
therefore not all consumers will be equally satisfied by the same cultivar. Cluster 
2, being the largest cluster, had similar preference patterns to the overall 
consumer group. However, the preference patterns of cluster 1 were in opposition 
to cluster 2. Furthermore, a comparison of approaches revealed differences in 
attributes associated with liking within cluster 1, dependent upon the approach 
used. This lack of agreement is attributable to the differences between 
approaches, and the potential lack of a common understanding of terms applied 
by CATA. Therefore, when developing a strawberry cultivar to appeal to 
consumers, it is important to not only understand the differences in 
methodological approach, however to ensure the preferences of the target 
consumer group are considered.  
 
 
6.5 Conclusion 
 
The application of CATA is gaining popularity in use within sensory science, to 
provide a deeper understanding of consumer behaviours, while being a cost and 
time effective approach. This research identified CATA product configurations to 
be comparable to DA with the use of similar descriptive terms associated with 
liking. The DA methodology was however identified as ascertaining a higher level 
of detail, attributable to the training in understanding a common lexicon. 
Therefore, this research identified CATA as a valid alternative for the DA 
methodology to determine attributes linked to liking, however when precise 
definitions of the sensory attributes of products are required, DA is a more robust 
and reliable evaluation tool. 
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7 Chapter seven: A comparison of Temporal 
Dominance of Sensations (TDS) and 
descriptive analysis to identify flavours in 
strawberries 
 
*This study has been published in the Journal of Food Science (2018) as ‘A 
comparison of Temporal Dominance of Sensation (TDS) and Quantitative 
Descriptive Analysis (QDA™) to identify flavors in strawberries’. 
 
7.1 Introduction 
 
The eating process is not a static event, rather is a dynamic process over time from 
the instant a food item is placed into the mouth. Throughout a single eating event, 
an abundance of changes transpires within the oral cavity (Chen, 2014; Forde, 
2016). Sensory perception is therefore complex, with changes in the oral cavity 
generating differences in textural and flavour perception. Thus, the complexity of 
sensory perception is difficult to encapsulate as a singular assessment. For this 
reason, traditional methods of assessment to evaluate sensory perception may 
not capture important aspects of the eating experience as they change over time. 
Recently developed methods have been applied in sensory research accordingly, 
as a means of overcoming these limitations. 
 
Traditional descriptive analysis (DA) methods assessing the sensory perception of 
foods, namely Quantitative Descriptive Analysis™ (QDA™), cover all sensory 
modalities in appearance, aroma, texture, mouthfeel, flavour and aftertaste 
(Stone et al., 1974). Trained panellists with a high level of sensory acuity are 
employed for these DA methods to ensure the application of a common 
understanding of a sensory vocabulary (Meilgaard et al., 1999). The training 
process requires alignment on the use of scales to quantify sensory attributes in a 
consistent and reliable manner (Stone et al., 1974). This method is thus a highly 
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detailed and valid method of assessment, and is commonly used to profile 
products’ sensory attributes to assist in product research and development within 
the strawberry industry (Bursac et al., 2007; Jetti et al., 2007; Péneau et al., 2007; 
Rosenfeld & Nes, 2000). However, this assessment methodology is static in 
nature, in that each assessment is performed at a singular time point. Therefore, 
although this method is highly detailed and relevant in evaluating food products, 
the application of traditional DA may be unable to evaluate subtle changes in 
sensory perception of the product over time. 
 
Time intensity (TI) methodologies were introduced to evaluate the sensory 
perception of products, and the way these change over time. The TI methodology 
was first introduced in 1978, and assesses singular attributes, dynamically 
evaluating the changes taking place within a product over a single eating event 
(Larson-Powers & Pangborn, 1978). This methodology was first introduced to 
encapsulate differences noted in lingering, particularly in respect to bitterness 
produced by artificial sweeteners (Larson-Powers & Pangborn, 1978). This 
procedure is therefore highly relevant in food products whereby the sensory 
profile changes over time. In time, this methodology was adapted so that two 
attributes could be assessed at once (Duizer, Bloom, & Findlay, 1997). Given that 
only one to two attributes can be evaluated per assessment (Duizer et al., 1997; 
Larson-Powers & Pangborn, 1978), this technique may be lengthy and inefficient 
if many attributes are to be assessed. The time involved in this procedure 
therefore renders this approach costly. Furthermore, when using TI to evaluate 
non-homogenous food commodities such as strawberries, that have been 
observed to display variation within a single crop (Watson et al., 2002), this 
method would be unable to gain information across a number of attributes on the 
same fruit, given that only one to two attributes are able to be assessed 
simultaneously. This approach would require multiple pieces of fruit to cover a 
larger number of attributes, and therefore if differences exist between fruit, this 
information is unable to be accounted for.  
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Rapid methods of sensory evaluation have been recently introduced within 
sensory science to overcome these challenges observed via TI. Temporal 
Dominance of Sensations (TDS) is one such method that was recently developed 
as a rapid replacement for the time intensive TI methodology, first introduced and 
presented in 2003 at the Pangborn Sensory Science Symposium (Schlich, 2017). 
Rather than the singular dimension encapsulated via the TI methodology, TDS is a 
multidimensionality approach, assessing the changes in sensory perception over 
time, without being limited to singular attributes.  
 
TDS captures the dynamic process of eating, via assessment of the dominant 
attributes, and how they change throughout the eating event (Pineau et al., 2009). 
Upon assessing singular eating events, TDS is a technique whereby the intensity 
of dominant attributes may additionally be recorded from the time sensations 
begin, repeatedly as they change, until all sensations cease (Pineau et al., 2009). 
Given this technique assesses changes in the sensory profile over time, this 
approach has been proven useful when the product of interest has a lingering 
aftertaste (Labbe et al., 2009). Furthermore, as TDS offers a different magnitude 
of information regarding the sensory profile of foods, this technique may be a 
complimentary tool to the traditional DA methodology, to provide a more 
comprehensive picture of the sensations occurring during and following an eating 
event. 
 
Recent research has evaluated TDS in comparison with conventional sensory 
profiling (Braghieri et al., 2016; Devezeaux de Lavergne, van Delft, van de Velde, 
van Boekel, & Stieger, 2015; Labbe et al., 2009; Meillon, Urbano, & Schlich, 2009; 
Ng et al., 2012; Sokolowsky & Fischer, 2012). When evaluating the resultant 
product configurations via the two methodologies, research has found the two 
methods to be comparable in commercial blackcurrant squashes (Ng et al., 2012), 
and peach and mint gels (Labbe et al., 2009), with RV coefficients of 0.82 and 0.78 
respectively. Research has further identified that the sensory attributes used to 
describe products are comparable via TDS and conventional DA (Devezeaux de 
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Lavergne et al., 2015; Labbe et al., 2009; Meillon et al., 2009). TDS scores have 
been shown to highly correlate with attribute ratings produced via traditional DA 
(Devezeaux de Lavergne et al., 2015; Labbe et al., 2009). These results suggest TDS 
provides information that is representative of that produced via conventional 
sensory profiling, without the time required for the latter approach. 
 
Although TDS has been demonstrated as providing similar results to that of 
conventional sensory profiling, research suggests that TDS may also provide a 
different magnitude of information (Braghieri et al., 2016; Devezeaux de Lavergne 
et al., 2015; Labbe et al., 2009; Meillon et al., 2009; Ng et al., 2012; Sokolowsky & 
Fischer, 2012). If the products of interest differ in the sequence of dominant 
sensations, TDS can account for these differences, therefore providing additional 
information unable to be accounted for via conventional sensory profiling 
methods (Ng et al., 2012). It has been suggested that TDS may further be used in 
the training stages of conventional sensory profiling, to determine the order of 
assessment of attributes within a product category (Devezeaux de Lavergne et al., 
2015). In addition, if there are differences within a product set in the lingering 
profile, TDS has the ability to account for these differences due to the nature of 
the assessment methodology (Labbe et al., 2009). Therefore, when applying TDS 
in combination with conventional sensory profiling, the resultant approach may 
provide a comprehensive understanding of the products under test. 
 
Traditionally, conventional sensory profiling has been used to provide descriptive 
profiles of strawberries (Ares et al., 2009; Bursac et al., 2007; Gunness et al., 2009; 
Han et al., 2005; Jetti et al., 2007; Péneau et al., 2007; Rosenfeld & Nes, 2000; 
Shamaila et al., 1992; Ulrich et al., 1997; Van der Steen et al., 2002). Strawberry 
flavour is complex, and has been described in the literature as sweet, fruity, floral, 
citrus, caramel and green (Bursac et al., 2007; Jetti et al., 2007; Péneau et al., 2007; 
Ulrich et al., 1997). A combination of over 360 volatile components contribute to 
the unique strawberry flavour (Aubert et al., 2005; Azodanlou et al., 2003), the 
combination dependent upon cultivar and maturation stage (Azodanlou, 
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Darbellay, Luisier, Villettaz, & Amado, 2004; Azodanlou et al., 2003; Beekwilder et 
al., 2004; Dirinck et al., 1981; Du et al., 2012; Forney et al., 2000; Jetti et al., 2007; 
Larsen & Poll, 1992; Larsen & Watkins, 1995; Perez et al., 1992; Pérez et al., 1996; 
Sanz et al., 1994; Scheiberle & Hofmann, 1997). The application of conventional 
sensory profiling is however unable to establish differences in the sequence of 
dominant sensory attributes of strawberries, and how this changes over time. The 
addition of TDS may therefore complement conventional profiling techniques to 
allow a deeper understanding of the sensory experience associated with 
strawberries.  
 
Recent research has applied the TDS methodology to understand the impact of 
differing treatments to strawberry pulp over time (Santos Gonçalves et al., 2017). 
This research identified sour as the dominant sensory attribute throughout the 
eating event, regardless of the treatment applied. However, the strawberries that 
were assessed were of the same cultivar and maturation stage (Santos Gonçalves 
et al., 2017). Therefore, to understand whether there are differences in the 
sensory profile in the sequence of dominant sensations attributable to these 
factors, TDS may be employed to describe the product sensory profiles, and how 
these profiles change over time. 
 
The objective of this research therefore, was to compare traditional DA to the TDS 
methodology to understand if these methods are able to complement one 
another in profiling strawberries of various cultivars at differing maturation 
stages. 
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7.2 Methods 
7.2.1 Samples 
 
Strawberries were harvested from Golden Vale Strawberries, Proprietary Limited, 
Coldstream, Victoria, over the 2014 and 2015 Australian Summer. The cultivars 
harvested were the Californian F. ananassa cv Albion and cv San Andreas, and the 
Melbourne F. ananassa cv Melba. Upon harvest, strawberries were transported 
to Deakin University, Melbourne, Australia, and subsequently stored in 
refrigerated conditions at 4°C until the time of testing. Strawberries were 
classified according to maturation stage, with strawberries that had experienced 
deterioration via water damage or bruising omitted from testing. Those that were 
firm to touch and not of a uniform red colour were classified as under-ripe, and 
those that were of a uniform red colour and not overly firm to touch were 
classified as being of the ideal maturation stage. Both under-ripe and ripe 
strawberries were included in evaluations. 
 
 
7.2.2 Analytical testing 
 
Informed consent was provided by all participants included in this research, 
approved by the Human Ethics Advisory Group, Faculty of Health (HEAG-H 
105_2012). Those that smoked, were pregnant or lactating, possessed any food 
allergies, or were affected by any medical condition altering taste perception, 
were excluded from partaking. Evaluations for analytical testing were conducted 
using Compusense® Cloud (Guelph, ON), within the Centre of Advanced Sensory 
Science (CASS) at Deakin University, Melbourne, Australia. Strawberries were 
evaluated in individual testing booths, under white lights, in a well-ventilated 
room, and under ambient conditions (20-22°C). In the two hours prior to testing, 
panellists were instructed to abstain from eating and drinking, with the exception 
of water, and avoid exposure to strong fragrances. 
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Room temperature (20-22°C) strawberries were cut in half and each blinded by a 
three-digit randomised code. Strawberries were subsequently presented in a 
monadic randomised order. Deionised water and Arnott’s plain, dry crackers were 
supplied to panellists to cleanse the palette between samples. Panellists were 
additionally allotted regular ten-minute breaks to minimise any sensory fatigue. 
 
 
7.2.3 Descriptive analysis 
 
Twelve female panellists aged between 23 and 62 years, were recruited and 
screened from a pool of 58 regular consumers of the category. Prior to this 
research, each panellist averaged 60 hours experience in the descriptive analysis 
of strawberries. ISO standards 8586-1 and 8586-2 (International Organization for 
Standardization (ISO), 1993, 2008) were adhered to for the screening and training 
of a QDA™ panel. Panellists selected via the screening period were done so based 
on their high sensory acuity and ability to readily articulate sensory attributes. 
Following screening, panellists were trained in the descriptive language of 
strawberries. Panellists were familiarised with a wide variety of strawberries 
available on the Australian market, and subsequently agreed upon a language to 
describe both the product category and sensory variation. Panel training to 
develop the strawberry descriptive lexicon ran over six sessions, 12 hours in total. 
 
In vocabulary development sessions, the panel leader mediated group discussions 
to remove any unnecessary attributes and group similar terms. Given that 
panellists were unable to align on the definition of ‘strawberry flavour’ as an 
attribute, the common descriptor ‘berry flavour’ was subsequently used. The 
panel then reached a consensus on the final attribute list, and subsequently 
defined each of the terms, and determined product references for each. The 
attribute list was shortened to reflect only the key flavour and aftertaste 
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attributes. The final attribute list was therefore consistent across both 
methodologies, this ensuring the data collected was able to be compared to the 
TDS results (see table 7.1 for the list of sensory attributes). To assess a common 
understanding of attributes, pureed strawberries were spiked with the reference 
product at various concentrations, and subsequently assessed. To ensure 
panellists were aligned on each attribute, panellists practiced the use of terms 
over five sessions (ten hours in total), using 15-cm unstructured line scales 
anchored by ‘not present’ to ‘very strong’. Frequent checks via open discussion 
with the panel leader ensured the panel were understanding terms and evaluating 
products in the same way. 
 
Using the DA techniques applied during training, the trained sensory panel 
subsequently assessed the three commercial cultivars at two maturation levels. 
Panellists evaluated, and subsequently quantified each attribute, using 15-cm 
intensity scales to determine any sensory variation between cultivars. Given the 
variance noted even within a single crop (Watson et al., 2002), five replicates of 
each sample were evaluated. Samples were limited to six per session, with 
evaluations conducted over five sessions (refer to Chapter 2 for further detail on 
these methods). 
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Table 7.1 A strawberry lexicon as devised by a trained sensory panel via QDA™. 
Modality Attribute Definition Product reference 
Flavour 
Berry The flavour associated with a combination of mixed berries 
Combination of mixed frozen 
berries (raspberries, 
blackberries, blueberries), 
thawed 
Fruity 
Sweet, intense flavour 
associated with a combination 
of mixed fruit; pineapple, 
melon, apple, grape 
Combination of mixed, cut fruit 
(pineapple, melon, apple, grape) 
Green 
An unripe flavour characterised 
by cut grass and unripe or 
green fruit 
20g/L cis-3-hexen-1-ol, cut grass 
Sweet Taste associated with sucrose 24g/L Sucrose solution 
Sour Taste associated with acid 1.2g/L Citric acid solution 
Aftertaste 
Berry The aftertaste associated with a combination of mixed berries 
Combination of mixed frozen 
berries (raspberries, 
blackberries, blueberries), 
thawed 
Fruity 
Sweet, intense aftertaste 
associated with a combination 
of mixed fruit; pineapple, 
melon, apple, grape 
Combination of mixed, cut fruit 
(pineapple, melon, apple, grape) 
Green 
An unripe aftertaste 
characterised by cut grass and 
unripe or green fruit 
20g/L cis-3-hexen-1-ol, cut grass 
Sweet Aftertaste associated with sucrose 24g/L Sucrose solution 
Sour Aftertaste associated with acid 1.2g/L Citric acid solution 
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7.2.4 Temporal Dominance of Sensations 
 
An untrained consumer panel comprising of one hundred and three strawberry 
consumers (83% female, mean age of 22 ± 3 yrs.) with no previous experience in 
the sensory analysis of foods, were recruited from Deakin University, Melbourne, 
Australia. Each panel member was initially trained in a two-hour session in the TDS 
methodology. Using a different product category, panellists were instructed to 
place the sample in their mouth and focus on the dominant sensation. They were 
instructed to ignore any background sensations and primarily focus on the one 
that was the most intense. They were then required to take note of the point that 
the dominant sensation or the intensity of the dominant sensation changed. This 
continued until all aftertaste sensations ended upon swallowing the sample. Once 
they were confident with selecting the dominant sensation, panellists then 
practiced these techniques using Compusense® Cloud (Guelph, ON) software. 
 
Prior to evaluation sessions, pilot testing was initially conducted by the trained 
sensory panel to determine the time taken after swallowing before all sensory 
sensations ended. This information was used to inform the length of the test. Part 
of this pilot testing further required the panel to evaluate a wide range of 
strawberries for their sensory profiles via a rapid sensory profiling technique. The 
most frequently used flavour terms were compiled to form the TDS attribute list 
(see Table 7.2 for the list of terms). The TDS terms were limited to a singular 
modality, in flavour, given that untrained consumers were undertaking the 
methodology, and the complexity associated with TDS. 
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Table 7.2 TDS descriptors with their definitions as devised by a trained sensory panel. 
Attribute  Definition 
Berry  The aroma associated with a combination of mixed berries (raspberries, blackberries, blueberries) 
Fruity  Sweet, intense aromatic associated with a combination of mixed fruit; pineapple, melon, apple, grape 
Green  An unripe aroma characterised by cut grass and unripe or green fruit 
Sour  Taste associated with acid 
Sweet  Taste associated with sugar 
 
 
In evaluation sessions, panellists were provided with six strawberry samples in a 
monadic randomised order. The untrained consumer panel was additionally 
provided with definitions of each of the attributes to be used in the test. Panellists 
were then instructed to rate the intensity of the dominant attribute at ten second 
intervals throughout the eating period, and up to two minutes after swallowing. 
Each sample was placed into the mouth and chewed for 20 seconds, upon which 
panellists were prompted to swallow the sample. As the strawberry was placed 
into the mouth, the panellist selected the dominant attribute, and subsequently 
rated the intensity of that attribute on 15-cm unstructured line scales anchored 
with no sensation to strong sensation. The panellists continued to evaluate the 
intensity of the dominant attribute as it changed until all sensations ended, or 
until two minutes after swallowing. During the evaluation, all attributes appeared 
simultaneously on the screen for the duration of the analysis. Upon commencing 
the evaluation, the time that each attribute is selected as dominant was recorded 
together with the concurrent recorded intensity. Panellists rinsed their mouths 
with deionised water between samples to ensure that there was no lingering taste 
from the previous sample. The process was then repeated for all six samples in 
duplicate assessment. 
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7.2.5 Statistical analysis 
 
Data analysis was undertaken via the statistical analysis program XLSTAT-Sensory 
Version 2016.01.26779. DA data was analysed via an analysis of variance (ANOVA), 
considering product, assessor, and their interaction as fixed variables. A post hoc 
Tukey’s test established significant differences between products when p≤0.05. A 
graphical representation of the relationship between sensory attributes amongst 
strawberry cultivars at both maturation levels was executed via the application of 
a principal component analysis (PCA) to the panel mean attribute data scores. 
 
TDS curves were generated via the statistical analysis program XLSTAT-Sensory 
Version 2016.01.26779. For each product, the frequency of dominance of each 
attribute was established at each time point, with the subsequent outputs plotted 
against time, and smoothed to form TDS curves. A chance level and significance 
level were determined, and subsequently plotted on each chart. The point at 
which the attribute can be considered dominant by chance is determined the 
chance level. This is calculated by a dominance rate equal to one divided by the 
number of attributes. The significance level is the minimum level the dominance 
rate must reach to be considered significantly dominant throughout the 
assessment period. This value is calculated using the confidence interval of a 
binomial proportion based upon a normal approximation. 
 
ANOVA was first applied to the individual TDS intensity ratings for each sample at 
first bite. TDS scores were then calculated to ensure the data set was comparable 
to the DA sensory profiling data (Labbe et al., 2009). TDS scores were determined 
by establishing the intensity and duration of each attribute for each assessment. 
The average intensity of an attribute was calculated over the total period of 
dominance throughout the assessment, as a portion of the total assessment time. 
This resulted in a TDS score for each individual assessment. ANOVA was 
subsequently performed on all TDS scores, with products and assessors as fixed 
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variables. A PCA was applied to the mean TDS scores to graphically represent the 
relationship between strawberry cultivars and maturation level. 
 
The DA data was subsequently compared to the resultant TDS scores and TDS 
intensity scores at first bite to establish similarities between the two 
methodologies. Correlation coefficients of the TDS mean scores and TDS intensity 
scores at first bite against the DA product means were calculated to establish 
whether both methodologies resulted in similar sensory profiling patterns. The 
TDS method was subsequently compared to the DA method, via a multiple factor 
analysis (MFA) on the factor scores of the resultant PCA’s, to determine the RV 
coefficient. 
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7.3 Results 
7.3.1 Temporal Dominance of Sensation curves 
 
TDS curves for each of the cultivars identified sour as significantly dominant 
throughout most of the eating event (Figure 7.1). The comparison of each cultivar 
at two different maturation stages indicated that the sensory profiles were similar 
within a cultivar, irrespective of maturation stage. 
 
The Albion cultivar at both maturation levels identified sweet and sour attributes 
as significantly dominant throughout the assessment period. The Albion cultivar 
at a ripe maturation stage was additionally close to significance in the fruity 
attribute, above the chance line for this attribute for a large period of the eating 
event. This attribute did not however reach significance throughout the eating 
cycle. The fruity attribute in the Albion cultivar of an under-ripe maturation stage 
followed a similar dominance pattern throughout the duration of eating to the 
ripe Albion fruit, however falling just below the chance line for this attribute. 
 
The San Andreas cultivar was identified as being significantly dominant in sour 
throughout the duration of the eating event, irrespective of maturation stage. 
Although not dominant throughout the eating event, the San Andreas cultivar at 
an under-ripe maturation stage was however above the significance line in the 
berry attribute. This attribute differed from the San Andreas cultivar at a ripe 
maturation level, with the berry attribute very low in dominance throughout the 
eating event. 
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Figure 7.1. TDS curves of the three strawberry cultivars at two maturation stages. a. Albion 
under-ripe b. Albion ripe c. Melba under-ripe d. Melba ripe e. San Andreas under-ripe f. San 
Andreas ripe 
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The Melba cultivar appeared to display the most sensory variation within a cultivar 
according to maturation stage. The under-ripe Melba was significantly dominant 
in sour throughout the duration of eating, whereas the ripe Melba cultivar was 
above the significance line for dominance in both sweet and sour throughout the 
assessment period. The Melba cultivar at an under-ripe maturation stage was in 
addition above the chance line for the green attribute, although this too was not 
dominant at any stage during the eating event. 
 
 
7.3.2 Comparison of product configurations 
 
A comparative MFA on the output of the DA and TDS data revealed the methods 
to be moderately comparable, with an RV coefficient of 0.559. Figures 7.2 and 7.3 
display the PCAs on the mean DA data and the TDS scores respectively. On visual 
inspection of the two PCAs, the differences between these appear to be driven by 
the San Andreas cultivar at the ripe maturation level. 
 
The resultant product configurations of the DA data reveal greater variation 
according to maturation level, with the exception of the Albion cultivar. This 
cultivar was not displaying sensory variation according to maturation stage, as 
illustrated via the product configurations of both maturation levels in close 
proximity. The product configuration of the TDS scores reveal cultivars of varying 
maturation levels to be in close proximity, with greater variation explained by the 
resultant PCA dependent upon cultivar, with the exception of Melba. This 
strawberry displayed the greatest variance dependent upon maturation level via 
the TDS methodology, with product configurations furthest apart on the PCA.  
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Figure 7.2. PCA of the DA data displaying 94% of the variance within the three strawberry 
cultivars at two maturation stages. 
 
 
 
 
Figure 7.3. PCA of the TDS scores displaying 90% of the variance within the three strawberry 
cultivars at two maturation stages. 
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The first two components of the resultant PCA on the mean DA data explain 94% 
of the total variance within the sample set. PC1, explaining 69% of the variance, 
was characterised by attributes indicative of maturation level, with sour and green 
flavour attributes highly correlated with PC1 in the positive direction, and sweet 
flavour highly correlated with PC1 in the opposing direction. The Melba and San 
Andreas cultivars of an under-ripe maturation stage were pulling away from the 
sample set in this direction. Within cultivars, this component displayed differences 
between the San Ansdreas and Melba cultivars, however not the Albion cultivar. 
PC2, denoting 25% of the variance within the sample set, correlated with 
aftertaste attributes, berry, fruity and green, in the positive direction. This 
component denoted differences within the Albion and San Andreas cultivars, 
however not the Melba cultivar. 
 
The resultant PCA on the TDS scores account for 90% of the variance within the 
sample set in the first two components. PC1 explained 55% of the total variance, 
with the sweet attribute positively correlating with PC1 in the positive direction, 
and the sour and green attributes highly correlated with PC1 in the opposing 
direction. This component separated the San Andreas and Melba under-ripe 
cultivars, together with the San Andreas ripe cultivar, from the Albion and Melba 
ripe cultivars, as well as the Albion under-ripe cultivar. PC2 explained 35% of the 
variance within the sample set, highly correlated with the berry and fruity 
attributes. 
 
 
7.3.3 Comparison of significant attributes 
 
Table 7.3 and 7.4 display a comparison of the ANOVA data as established via the 
DA and TDS methodologies. The DA results significantly discriminated between 
products, with sweet, sour, berry and green significantly applied. The DA 
methodology discriminated strawberries according to maturation level via the 
green and sour attributes, with these attributes significantly applied to 
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strawberries of an under-ripe maturation stage, excluding the Albion under-ripe 
cultivar. The sweet attribute conversely described cultivars at a ripe maturation 
stage, together with the Albion cultivar of an under-ripe maturation stage. 
 
The TDS scores were calculated as the average intensity over the duration of 
dominance, with a numerical value thus assigned to each attribute, per assessor. 
Similarly to DA, this methodology discriminated samples across the sweet, berry 
and green attributes. When considering the first bite of the TDS data however, 
this methodology discriminated between samples on the sweet, sour and green 
attributes. The TDS data discriminated samples according to cultivar rather than 
maturation stage, with sweet and green the key discriminators. The sweet 
attribute was applied to the Albion cultivar as well as the Melba cultivar at a ripe 
maturation stage, whereas the green attribute described the San Andreas cultivar 
together with the Melba cultivar at an under-ripe maturation stage. 
 
Table 7.5 displays the correlations of each attribute upon comparing the two 
methodologies. A comparison of the application of each attribute according to 
product, when considering the TDS scores, revealed sweet and green to be highly 
correlated. Upon considering the mean intensity ratings of the first bite, sweet 
was highly correlated across methods, with green and sour moderately correlated. 
 
 
Table 7.3. F values established via ANOVA for each of the sensory attributes profiled using DA 
and TDS for each sensory attribute. 
Attribute TDS first bite intensity data TDS scores DA data 
Sweet 4.4** 4.8*** 22.3*** 
Sour 4.3** 2.0 22.5*** 
Fruity 0.4 0.8 1.1 
Berry 1.6 3.0* 7.2*** 
Green 4.0* 4.7*** 18.2*** 
*Significant at p<0.05 
**Significant at p<0.001 
***Significant at p<0.0001 
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Table 7.4. A comparison of mean ± SD values for each of the attributes using DA intensity data, 
TDS first bite intensity data and TDS scores as determined via ANOVA. 
Method Strawberry Sweet Sour Berry Fruity Green 
DA data 
Albion ripe 9.1 ± 2.2 a 7.3 ± 1.6 c 4.4 ± 1.6 a 3.5 ± 2.9 a 4.8 ± 2.6 b 
Albion under-ripe 7.0 ± 3.4 ab 10.3 ± 3.3 b 3.9 ± 2.8 ab 3.5 ± 3.1 a 6.0 ± 3.1 b 
Melba ripe 7.8 ± 2.7 ab 11.3 ± 1.5 b 4.0 ± 0.7 ab 4.3 ± 2.2a 5.1 ± 2.5 b 
Melba under-ripe 2.7 ± 1.4 c 13.8 ± 2.4 a 2.7 ± 1.9 bc 3.3 ± 2.1 a 8.5 ± 3.7 a 
San Andreas ripe 6.5 ± 3.1 b 9.9 ± 1.5 b 4.5 ± 1.0 a 4.1 ± 2.1 a 4.0 ± 1.7 b 
San Andreas 
under-ripe 
2.1 ± 1.4 c 13.2 ± 2.3 a 1.7 ± 2.0 c 2.9 ± 2.0 a 9.3 ± 4.2 a 
TDS first 
bite 
intensity 
data 
Albion ripe 4.2 ± 4.9 a 1.5 ± 3.5 b 0.6 ± 2.5 a 0.6 ± 2.2 a 0.0 ± 0.0 b 
Albion under-ripe 3.0 ± 3.2 ab 1.4 ± 3.2 b 0.9 ± 2.9 a 0.8 ± 2.7 a 0.1 ± 1.0 b 
Melba ripe 3.4 ± 4.4 ab 2.5 ± 4.4 ab 0.4 ± 2.0 a 0.5 ± 2.2 a 0.2 ± 1.1 b 
Melba under-ripe 2.2 ± 3.7 b 3.2 ± 4.5 a 0.6 ± 2.3 a 0.8 ± 2.7 a 0.4 ± 2.1 ab 
San Andreas ripe 2.3 ± 4.9 b 3.4 ± 4.9 a 0.0 ± 0.0 a 0.5 ± 2.3 a 0.5 ± 2.1 ab 
San Andreas 
under-ripe 
1.8 ± 3.5 b 2.9 ± 4.5 ab 0.8 ± 2.7a 0.6 ± 2.2 a 1.0 ± 3.2 a 
TDS 
scores 
Albion ripe 2.4 ± 2.8 a 1.3 ± 1.4 a 0.7 ± 1.1 a 0.7 ± 1.1 ab 0.3 ± 0.6 b 
Albion under-ripe 1.5 ± 1.4 ab 1.8 ± 1.6 a 0.9 ± 1.1 a 0.8 ± 0.9 a 0.5 ± 0.8 b 
Melba ripe 1.8 ± 2.4 ab 1.6 ± 1.4 a 0.5 ± 0.9 a 0.4 ± 0.7 ab 0.5 ± 0.9 b 
Melba under-ripe 0.8 ± 1.2 b 1.9 ± 1.5 a 0.7 ± 0.9 a 0.8 ± 0.9 a 1.0 ± 1.3 ab 
San Andreas ripe 1.3 ± 2.3 b 2.3 ± 2.1 a 0.6 ± 0.9 a 0.3 ± 0.5 b 0.7 ± 1.3 ab 
San Andreas 
under-ripe 0.9 ± 1.5 b 2.2 ± 1.9 a 0.6 ± 0.9 a 0.7 ± 1.1 ab 1.3 ± 1.8 a 
 
Attributes sharing a letter are not significantly different at p<0.05 
 
 
 
 
Table 7.5. A comparison of the TDS intensity scores at first bite and TDS scores with the DA data. 
 Correlation coefficient 
Attribute TDS intensity at first bite and DA profile data 
TDS score and DA 
profile data 
Sweet 0.895 0.692 
Sour 0.635 0.320 
Fruity -0.622 -0.475 
Berry -0.519 -0.472 
Green 0.651 0.761 
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7.4 Discussion 
7.4.1 Temporal Dominance of Sensation curves 
 
The TDS curves reveal sour to be the primarily dominant flavour attribute across 
all cultivars at different maturation stages. Organic acids, including malic and citric 
acid, are present in strawberries, together with the sugars, fructose, glucose and 
sucrose (Davik et al., 2006). Sourness is the resultant sensory perception 
attributable to the ratio of sugars and organic acids (Gunness et al., 2009). As the 
sugar ratio increases, a reduction in sour perception is evident (Gunness et al., 
2009). This research is in agreement with the literature, with previous research 
applying the TDS methodology similarly identifying sour to be the dominant 
sensory attribute amongst pureed strawberries (Santos Gonçalves et al., 2017). 
Research applying DA to evaluate strawberries, likewise established perceived 
sourness to be high in intensity, however this methodology additionally identified 
the perception of sweet and fruity flavour to be of comparable intensity to that of 
sour perception (Gunness et al., 2009; Rosenfeld & Nes, 2000). As the current 
research primarily identified sour to be the dominant flavour attribute amongst 
strawberries, comparison to the findings in the literature suggest the TDS 
methodology may offer a different magnitude of information to other sensory 
methodologies, in that it captures more information regarding the lingering 
profile. 
 
Dependent upon cultivar and maturation stage, sweet was also deemed dominant 
at the beginning of the sensory profile, during the period of mastication. The 
period of dominance was short, and only characterised the Albion cultivar at both 
ripening levels, and the Melba cultivar at a ripe maturation stage. Although sweet 
taste has not been identified as dominant in the limited research applying the TDS 
methodology to strawberries (Santos Gonçalves et al., 2017), previous research 
using the TDS methodology has similarly identified sweet taste as a dominant 
attribute amongst apples (Charles et al., 2017) and blackcurrant juice (Ng et al., 
2012). The high level of sugars, in fructose, glucose and sucrose in strawberries, 
Chapter seven: A comparison of Temporal Dominance of Sensations (TDS) and 
descriptive analysis to identify flavours in strawberries 
 
 
211 
 
elicit a sweet taste, and thus may lead to the sweetness noted during the period 
of mastication (Davik et al., 2006). As sweet was only deemed dominant during 
mastication however, these findings suggest that sour has a more prevalent 
lingering component in strawberries than that of sweet taste. 
 
Although sour was identified as the dominant attribute across strawberries in this 
research, with sweet established as dominant for a brief period amongst a subset 
of the samples, strawberry composition is complex, and is comprised of a 
combination of an abundance of volatile components that contribute to the 
overall strawberry flavour. The nature of the TDS methodology may therefore 
limit the use of some of the key attributes describing strawberry fruit, given that 
the dominant attribute is the primary focus. The remaining attributes may be 
unintentionally ignored by assessors, due to the high intensity of sourness 
amongst the samples. This research defined dominance as the attribute highest in 
intensity at any given point in time during the eating event, as described by Labbe 
et al. (2009). Previous research applying the TDS approach defined dominance as 
either the most intense attribute at any given point in time (Santos Gonçalves et 
al., 2017), or a noticeable change in an attribute that draws the attention of the 
assessor (Ng et al., 2012). Thus, the latter approach may result in a differing 
pattern of dominance throughout the eating cycle. Furthermore, given that an 
untrained consumer panel applied the TDS methodology in this research, the lack 
of a common understanding of terms berry, fruity and green may have limited 
their ability to select these attributes as dominant. Previous research has 
indicated that a common application of the usage of terms is a direct product of 
training of the definition of those terms (Chollet & Valentin, 2001). With training 
on the definition of terms, perhaps these may have been applied as significantly 
dominant throughout the eating cycle via the TDS methodology. 
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7.4.2 Comparison of product configurations 
 
Although there are multiple elicitations for each attribute with each TDS 
assessment, the calculation of TDS scores allows for the direct comparison with 
traditional descriptive sensory profiling methodologies (Labbe et al., 2009). A 
comparison of the respective product configurations produced from the product 
means of the TDS scores and DA data, via the RV coefficient, reveal the two 
methodologies to be moderately comparable. On visual inspection of the two PCA 
outputs, these differences between the product configurations appear to be 
primarily driven by the San Andreas cultivar at a ripe maturation stage. 
 
Previous research has found inconsistencies in the comparison between TDS and 
traditional DA methodologies via the RV coefficient. TDS has been identified as 
being comparable to traditional DA in commercial blackcurrant squashes (Ng et 
al., 2012), peach and mint gels (Labbe et al., 2009), and the texture of semi-solid 
food gels (Devezeaux de Lavergne et al., 2015). However, when applying the 
methodology to wine, the comparison of methods did not result in product 
configurations that were as highly correlated (Sokolowsky & Fischer, 2012). The 
methodology difference, being the dynamic nature of TDS, in comparison with the 
conventional DA approach, may account for these differences between the 
outputs of the two methodologies. TDS evaluates the change in sensory 
perception over time that may unable to be captured via the DA approach (Albert, 
Salvador, Schlich, & Fiszman, 2012; Charles et al., 2017; Devezeaux de Lavergne et 
al., 2015; Labbe et al., 2009). The DA methodology evaluates peak intensities of 
sensory attributes at singular time points, and although panellists may consider 
both the duration and intensity when making a judgement on the evaluation of 
attributes, the resultant single data points collected may not account for subtle 
changes in the dynamic nature of eating. In line with recent literature, the TDS 
outputs in this research displayed patterns of lingering unable to be captured via 
the DA methodology (Labbe et al., 2009). However, as has been consistently 
documented (Meillon et al., 2009), DA was able to show more subtle product 
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differences, due to the precise definitions and ability to quantify intensities of 
attributes reliably and consistently. 
 
The moderate correlation observed between the two methodologies may be 
attributed to both the difference in methodologies, together with the difference 
in panels. The TDS methodology employed an untrained panel, and thus provided 
information akin to that of a consumer. Consumers may lack a common 
understanding of more complex terms such as fruity, berry and green, and 
therefore place greater emphasis on the usage of terms of which they possess a 
deeper understanding, such as sweet and sour. The DA panel however was a 
highly trained sensory panel, with each panellist totalling a minimum of 60 hours’ 
experience in the sensory analysis of strawberries. Research conducted by Charles 
et al. (2017) identified similar results attributable to panel experience. The more 
experienced DA panel has the ability to evaluate products with greater objectivity 
due to their high level of training in sensory DA techniques. 
 
 
7.4.3 Comparison of significant attributes 
 
Significant attributes describing strawberries were compared for the two 
methodologies, with TDS identifying fewer significant attributes than the DA 
methodology. This is averse to previous research, that has conversely reported 
the number of significant attributes to be comparable via TDS, when compared to 
traditional DA methods (Labbe et al., 2009; Sokolowsky & Fischer, 2012). The 
current research therefore provides evidence that DA is better able to uncover 
differences in strawberries than the TDS methodology. Given that only the 
dominant attribute is of focus via TDS, there is the potential that those attributes 
that differ between samples, however are never dominant, are unable to be 
explained by the TDS methodology. This result therefore supports the notion that 
DA is better equipped to uncover smaller differences between samples, 
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particularly attributes of a lower intensity, which may be unable to be established 
via TDS. This learning is in agreement with the literature regarding strawberries, 
signifying that the DA methodology is highly attuned to reveal slight differences 
between cultivars and differing maturation stages (Bursac et al., 2007; Jetti et al., 
2007; Péneau et al., 2007; Rosenfeld & Nes, 2000; Vandenberghe & Claes, 2011). 
Furthermore, if an attribute remains dominant at similar dominance rates, 
irrespective of cultivar and ripening level, throughout the majority of the eating 
event, this may limit the ability of the TDS methodology to discriminate via this 
attribute. This therefore explains the lack of significance established via the TDS 
score in application of the sour attribute. To account for this, however, analysis of 
the first bite intensity data was conducted. Given that sour was not uniquely 
dominant across products at the beginning of the TDS curve, the sour attribute 
readily discriminated strawberries at this time point.  
 
In agreement with the literature regarding maturation, the results from the DA 
methodology indicate that sweet, sour and green attributes were explained by 
maturation stage. Both sweet and sour taste have been previously established as 
being linked to the ratio of sugars and organic acids in strawberries (Davik et al., 
2006). As strawberries ripen, the sugar content increases, with a concurrent 
decrease in organic acids. The acid content of strawberries has been shown to be 
dependent upon cultivar (Davik et al., 2006) and maturation stage, with a 
decrease in total acidity apparent with ripening (Azodanlou et al., 2004). Thus, 
with maturation, the strawberry increases in sweetness, with a subsequent 
reduction in sourness. The green, under-ripe note is affected by alcohol and 
aldehyde concentration, and with ripening a reduction in these chemicals are 
evident (Vandendriessche et al., 2013), this therefore explaining the variance in 
strawberries via the sweet, sour and green attributes. Although the TDS 
methodology explained similar differences to the DA data via the resultant PCAs, 
this output did not distinguish strawberries according to maturation level, 
indicating panel or methodology differences in describing differences in samples.  
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Upon correlating the resultant TDS scores, that consider both the intensity and 
duration of dominance, with the corresponding DA profile ratings, only the sweet 
and green attributes were highly correlated. When considering the product mean 
intensity ratings of the first bite via TDS, however, and comparing to the 
corresponding DA profile data, the sweet attribute was similarly highly correlated 
between methodologies, with green and sour attributes moderately correlated. 
Given that the TDS scores were unable to distinguish strawberries via the sour 
attribute, this accounts for the lack of comparability of the sour attribute across 
methodologies, when considering the entire duration of eating. These findings 
indicate that the TDS methodology provides greater similarity to the DA results on 
some of the key sensory attributes of strawberries when compared to the first 
bite intensity. 
 
Although sweet, sour and green were correlated between methods, there were 
discrepancies on the significance of these attributes, dependent upon product, 
amongst the two methodologies. The results from the DA methodology were able 
to discriminate amongst a greater number of strawberries than the TDS 
methodology via application of the sweet, sour and green attributes. 
Furthermore, the application of the flavour attributes, berry and fruity were not 
in agreement across methodologies. The berry attribute significantly 
discriminated between strawberries via the DA methodology, however, these 
findings were not replicated via TDS. These results suggest that either the 
methodology difference or the difference in panel experience is limiting the use 
of the more complex flavour terms via the TDS methodology. The untrained 
consumer panel may lack a common understanding of more complex terms, thus, 
supporting the notion of training on the definition of those terms to ensure panel 
alignment in their application. In addition, the TDS methodology only considers 
the dominant sensations. Therefore, if attributes were never established as 
dominant, it is less likely that the usage of these attributes would be indicative of 
the actual intensities. Regarding the fruity attribute, both the DA and TDS 
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methodologies were unable to establish significance between products. This 
result may therefore be attributable to the narrow sample set that was a limited 
representation of total variation within the product category. Therefore, this 
would reduce the chance of the TDS data being highly correlated to the results 
obtained via DA. 
 
In consideration of these findings it is important to note that colour has previously 
been identified as a driver of consumer acceptability of strawberries (Meyners & 
Castura, 2014). Given that colour was not assessed in the current research, it is 
unable to establish whether colour may have influenced the perception and 
subsequent rating of flavour attributes. Future research should therefore 
investigate whether the appearance has an impact on TDS ratings. 
 
  
Chapter seven: A comparison of Temporal Dominance of Sensations (TDS) and 
descriptive analysis to identify flavours in strawberries 
 
 
217 
 
7.5 Conclusion 
 
The application of TDS to describe the sensory profile of products has been 
established as providing a different magnitude of information to traditional DA 
methodologies. This research identified TDS to be moderately comparable to DA 
in the analysis of strawberries. The lack of training on the definition of terms, 
together with the limitations of the TDS methodology to ignore all attributes other 
than those dominant, explained the reduction in similarity of the output of the 
two methodologies. The ability for the TDS methodology to establish information 
regarding lingering of the sour attribute in strawberries, provided a different 
magnitude of information to the DA methodology. Although the methods 
displayed moderate comparability, the ability of the DA methodology to ascertain 
a higher level of detail, as a result of the training in understanding a common 
lexicon, and subsequent alignment in quantification of these attributes, further 
clarified the differences noted between methodologies. Therefore, this research 
identified the potential inclusion of TDS to complement the traditional DA 
methodology, when specific information regarding the lingering profile of 
products is required. However, if refined product definitions are of interest, the 
DA methodology is better equipped to uncover these subtleties. 
 
Chapter eight: Summary of Major Findings and Conclusions 
 
 
218 
 
8 Chapter eight: Summary of Major Findings 
and Conclusions 
 
8.1 Introduction 
 
Strawberries are a commonly consumed berry, with yearly worldwide production 
rates greater than 8 million metric tonnes (Food and Agriculture Organization of 
the United Nations, 2017). Although Australia is not currently a large player within 
the global strawberry industry, a 40% rise in production rates over a ten-year 
period suggests strawberry consumption in Australia is on the rise (Food and 
Agriculture Organization of the United Nations, 2017). Consumers are demanding 
flavoursome strawberry fruit, and therefore improvements to Australian cultivars, 
in both flavour and quality, will see Australia become more competitive in 
strawberry production in both local and international markets. Current breeding 
programs are primarily focussed on production yield, disease resistance to the 
environmental conditions and a prolonged shelf life, with flavour low in priority 
(Aday & Caner, 2013; Azodanlou et al., 2003; Horticulture Australia Limited & 
Strawberry Industry Advisory Committee, 2011; Morrison & Herrington, 2002). 
Despite this, the Australian Strawberry Industry's Priorities 2009-2013 are 
primarily focussed on adhering to consumer demands in the production of a 
flavoursome strawberry (Horticulture Australia Limited, 2012).  
 
Strawberry cultivars can either be classified as Short Day (SD), Day Neutral (DN) or 
Everbearing plants, this classification dependent upon their flowering response to 
both the air temperature and photoperiod (daylight hours) (Darrow, 1936). 
Strawberry flavour is comprised of non-volatile sugars and organic acids, together 
with over 360 volatiles, the combination of which is dependent upon cultivar, 
maturation stage and environment (Aubert et al., 2005; Azodanlou et al., 2003; 
Du et al., 2014; Fernández-Lara et al., 2015; Gündüz, 2016; Kafkas et al., 2007; 
Montero et al., 1996; Šamec et al., 2016; Sturm et al., 2003; Yamamoto et al., 
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2015). When developing new cultivars to express well-liked flavours, it is 
important to consider the influence of cultivar, maturation level and climate, and 
in understanding this, a descriptive language that describes this variation is the 
first step in establishing attributes that drive liking. 
 
Traditional methods of sensory evaluation are typically engaged to objectively 
describe the sensory variation noted in strawberries (Ares et al., 2009; Bursac et 
al., 2007; Gunness et al., 2009; Han et al., 2005; Jetti et al., 2007; Péneau et al., 
2007; Rosenfeld & Nes, 2000; Shamaila et al., 1992; Ulrich et al., 1997; Van der 
Steen et al., 2002). Quantitative Descriptive Analysis™ (QDA™) is one such 
descriptive analysis (DA) method that employs a trained sensory panel to devise a 
descriptive language, and subsequently quantify the intensity of each attribute 
(Stone et al., 1974). Those selected to form the trained sensory panel must be 
highly discriminating and readily able to articulate the sensory characteristics of 
products. This methodology is commonly applied in research to guide product 
development towards meeting consumer demands (Lawless & Heymann, 2010). 
Given that QDA™ is a well-established and valid methodology within sensory 
science (Lawless & Heymann, 2010), this tool is highly relevant when 
understanding the sensory variation within strawberries grown in Australia. 
 
In understanding consumer preferences to assist in developing a strawberry to 
meet consumer demands, preference mapping (PM) techniques are applied to the 
objective sensory profile data, together with consumer hedonic ratings. External 
PM (EPM) and internal PM (IPM) techniques are statistical methods applied in 
sensory and consumer science to understand the attributes associated with liking 
within a product category (Arditti, 1997; Guinard et al., 2001). The external 
approach focusses on the sensory profile of products, and subsequently fits 
consumer preference data onto the perceptual map produced via sensory 
analysis. An internal preference map however, accounts for individual directions 
of preference, by overlaying consumer sensory profile data onto the resultant 
perceptual map displaying individual preferences (Schlich & McEwan, 1992). 
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Therefore, depending on the technique selected for analysis, this may produce 
differing results. Another means of incorporating individual preferences onto 
preference maps, is via the use of hierarchical cluster analysis (HCL), followed by 
the generation of external preference maps for each cluster (Villamor et al., 2013). 
These techniques are therefore highly relevant when establishing the attributes 
associated with consumer liking within a product category. 
 
The implementation of DA methods can be costly and time consuming given the 
rigour and in-depth process required throughout the training and evaluation 
period. For this reason, recently developed rapid and cost-effective methods that 
use the consumer as a replacement for a trained panel have been gaining 
popularity in sensory science to describe the sensory profile of products (Albert et 
al., 2011; Cadena et al., 2014; Kim et al., 2013; Liu et al., 2016; Reinbach et al., 
2014; Varela & Ares, 2012). Three of the recently developed rapid methods, 
Napping, Check-All-That-Applies (CATA) and Temporal Dominance of Sensations 
(TDS), are quickly growing in importance within the field of sensory and consumer 
science. The application of these methodologies to strawberries will aid in 
contributing to the wealth of knowledge in ascertaining how these methods 
compare to traditional descriptive analysis (DA) methodologies, together with 
understanding how the consumer differs in their perception from that of a trained 
panel. 
 
One of the recently developed methodologies, Napping, a specialized form of 
projective mapping, requires assessors to illustrate product similarities and 
differences on individual perceptual maps within a two-dimensional space (Pagès, 
2003; Pagès, 2005; Pagès et al., 2010; Risvik et al., 1994). Products are assessed 
simultaneously in this methodology, rather than the lengthy, monadic approach 
of DA. The Napping methodology negates the need for a training period in 
developing a common descriptive language amongst assessors, rather each 
assessor devises their own criteria for evaluating and separating products. An 
Ultra-Flash-Profile (UFP) can then be incorporated with Napping, whereby each 
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panellist uses their own language to describe the product characteristics. This 
approach therefore takes into account the importance individual assessors place 
on particular attributes (Perrin et al., 2008). Previous research has identified the 
perceptual maps generated via Napping to have similar discriminating power to 
those produced through DA (Albert et al., 2011; Louw et al., 2013), hence this 
methodology may be relevant as an alternative rapid and cost-effective approach 
to the traditional DA of strawberries.  
 
Another recently applied rapid approach in sensory and consumer science, CATA, 
employs a list of terms that describes the product of interest, and in a multiple 
choice style approach, assessors select all those that apply to the product (Ares et 
al., 2014; Bruzzone et al., 2015; Campo et al., 2010; Dooley et al., 2010; Jaeger et 
al., 2013a; Jaeger et al., 2013b; Varela & Ares, 2012). The ease of execution of this 
task allows consumers to readily engage in this methodology, its advantage being 
that it provides product developers with further insight into the consumer, so that 
they best develop a product to meet consumer demands (Ares et al., 2014; 
Bruzzone et al., 2015; Dooley et al., 2010; Jaeger et al., 2013a; Jaeger et al., 2013b; 
Varela & Ares, 2012). Much like Napping, CATA has been identified as producing 
an output comparable to that of DA in products of low complexity (Ares et al., 
2015; Bruzzone et al., 2015; Dooley et al., 2010), therefore it is important to 
validate its application in a product with greater complexity, such as strawberries, 
to broaden its application as a rapid sensory profiling tool. PM techniques can 
further be applied to CATA, to provide insight into the consumer and their 
preferences (Parente et al., 2011). The comparison of attributes contributing to 
consumer liking via rapid and traditional methodologies, will assist in establishing 
the role of rapid methodologies in future research. 
 
The third rapid methodology of growing interest is TDS, of which assesses 
dominant sensory perceptions as they change over time. Time intensity (TI) 
methodologies were first introduced as a means of incorporating the aspect of 
time into sensory profiling (Larson-Powers & Pangborn, 1978). The TI 
Chapter eight: Summary of Major Findings and Conclusions 
 
 
222 
 
methodology focusses on singular attributes, thus the time taken to collect 
evaluations is lengthy. TDS was therefore developed as a rapid replacement for 
the TI methodology, as products can be profiled in a single assessment. Research 
comparing traditional DA to TDS has produced conflicting results, with some 
research displaying comparability across methods (Devezeaux de Lavergne et al., 
2015; Labbe et al., 2009; Meillon et al., 2009; Ng et al., 2012), whilst other work 
established TDS to produce a different magnitude of information, both in the 
sequence of perception of attributes, as well as the lingering profile (Braghieri et 
al., 2016; Devezeaux de Lavergne et al., 2015; Labbe et al., 2009; Meillon et al., 
2009; Ng et al., 2012; Sokolowsky & Fischer, 2012). Therefore, the application of 
TDS to describe strawberries may prove a complementary tool to DA, offering a 
different magnitude of information unable to be established via traditional 
methods of DA. 
 
Therefore, the application of both traditional and recently developed rapid 
methodologies will assist in understanding the sensory variation in strawberries 
grown in Australia. These techniques will further aid in establishing flavours 
driving liking within strawberries grown in the Australian environment, to 
facilitate the development of flavoursome novel cultivars, as well as contributing 
to the validation of rapid methodologies for future use. 
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8.2 Discussion of major findings 
 
The aim of this thesis was to identify flavours driving liking within commercially 
available as well as newly bred strawberry cultivars, to assist in the development 
of well-liked newly developed cultivars within Australia. A secondary aim of this 
thesis was to consider recently developed methodologies in sensory science, and 
compare these to traditional methods, to contribute to the growing body of 
evidence in validating these methodologies, and further understand their 
limitations and future potential applications. Discussions of the key findings from 
this thesis are as follows: 
 
8.2.1 Factors influencing sensory attributes of strawberries 
8.2.1.1 Maturation stage 
 
In understanding the sensory variation amongst strawberries, the maturation 
stage was responsible for much of the sensory variation noted. The application of 
QDA™ via this research, identified under-ripe strawberries to be more commonly 
associated with sour, citrus and green flavour attributes, together with firm, 
astringent, fibrous and gritty textural attributes. An increase in red colour, 
together with sweet, caramel, floral, fruity, berry and fermented flavour 
attributes, were associated with ripe strawberries. These findings were apparent 
irrespective of cultivar and flowering type. Therefore, to limit variation amongst 
strawberries within a cultivar, the timing of harvest from the plant is crucial to 
ensure strawberries are consistent in their sensory attributes. 
 
The higher presence of sour, green and citrus attributes in under-ripe fruit can be 
attributed to a higher concentration of citric acid, together with a decreased 
presence of sugars (Mazur et al., 2014; Montero et al., 1996; Ornelas-Paz et al., 
2013; Rahman et al., 2014; Sturm et al., 2003). With ripening, the sugar-acid ratio 
increases, thus resulting in a more intense sweetness, together with a decrease in 
sourness amongst mature fruit (Mazur et al., 2014; Ornelas-Paz et al., 2013). 
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Green notes in strawberries can be linked to the presence of aldehydes and 
alcohols, of which have been shown to decrease with maturation (Dirinck et al., 
1981; Vandendriessche et al., 2013). The differences noted in textural attributes 
dependent upon maturation stage can be explained by changes to the cell wall. 
With ripening, pectolytic enzymes initiate cell wall degradation, of which results 
in softening of the strawberry (Draye & Van Cutsem, 2008). Astringency is 
associated with the presence of tannins in fruit and is caused by the binding of 
phenolic compounds to proteins in saliva within the oral cavity (Jobstl et al., 2004; 
Kårlund et al., 2015). With maturation, there are changes in these phenolics 
(Teixeira & Ferreira, 2003), thus these changes are responsible for the reduction 
in astringency in ripened fruit. 
 
Strawberries increase in red colour with ripening, this colour development 
explained by an increase in anthocyanin concentration as strawberries mature 
(Aaby et al 2012). With ripening, an increase in perceived sweetness was 
apparent, attributable to the increase in sugars via the hydrolysis of sucrose to 
invert sugars (Rahman et al., 2014) and concurrent reduction in organic acids 
(Kafkas et al., 2007; Montero et al., 1996; Sturm et al., 2003). Enhanced sweet 
perception can further be a result of the increase in congruent volatile 
components (Keast & Breslin, 2003), thus, when paired with caramel aroma, the 
resultant perceived sweet intensity in strawberries is amplified. The development 
of volatiles has been shown to be influenced by maturation, with fruity and floral 
odours documented to be associated with esters, their formation evident as 
strawberries ripen (Vandendriessche et al., 2013). Caramel aroma is attributed to 
the furanone content, and although this attribute has been documented as being 
most affected by strawberry cultivar, these volatiles have additionally been 
documented to increase with ripening (Larsen & Poll, 1995; Pérez et al., 1996; Sanz 
et al., 1994). The current research identified mature fruit to be additionally 
associated with fermented flavour, of which is perceived due to the presence of 
alcohol compounds in strawberry fruit, and reported to develop upon fruit 
Chapter eight: Summary of Major Findings and Conclusions 
 
 
225 
 
ripening (Dirinck et al., 1981; Du et al., 2012; Forney et al., 2000; Larsen & Watkins, 
1995). 
 
Despite results from the DA methodology establishing differences in sweet, sour, 
green and berry attributes dependent upon maturation stage, the TDS 
methodology was unable to replicate these results. Sweet flavour did not 
distinguish strawberries according to maturation stage via the TDS methodology, 
therefore signifying either methodology or panel differences in the use of this 
attribute. Furthermore, the TDS score was unable to discriminate strawberries via 
the sour attribute. Sourness was dominant at similar dominance rates, 
irrespective of both cultivar and maturation stage, this therefore limiting the 
ability of the TDS methodology to differentiate strawberries through the 
application of this attribute. In addition, the green and berry attributes did not 
distinguish strawberries according to maturation stage when applying the TDS 
methodology. As the DA methodology explained these differences according to 
maturation stage, these findings support the notion that either the difference in 
methodology or the panel used may limit the TDS application, and may result in 
differences in the attributes differentiating strawberries according to maturation 
stage. 
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8.2.1.2 Cultivar and flowering type 
 
Although the maturation stage accounts for much variation, cultivar and flowering 
type additionally play an important role in distinguishing strawberries. This 
research identified differing cultivars to be discriminated by appearance, aroma, 
flavour and textural attributes. When pre-screened for maturation stage however, 
those attributes indicative of ripening were not significantly applied to distinguish 
cultivars. Thus, fermented flavour, together with the textural attributes firmness, 
gritty and fibrous, did not distinguish cultivars of an equivalent maturation stage. 
The relevant grouping of strawberries according to cultivar and flowering type in 
this research, suggest that there are similarities within a cultivar and flowering 
type, irrespective of maturation stage. This provides clear evidence that cultivar 
and flowering type are important in determining the resultant sensory profile of 
the strawberry. Previous research supports this notion, demonstrating differences 
in the sensory profile and quality of strawberry cultivars (Du et al., 2014; 
Fernández-Lara et al., 2015; Gündüz, 2016; Šamec et al., 2016; Yamamoto et al., 
2015). 
 
The QDA™ methodology applied in the current research established sensory 
differences between SD and DN cultivars. The SD cultivars profiled were 
characterised by a citrus and green aroma, and fruity, caramel and fermented 
flavour. The DN cultivars were however characterised by a fermented aroma, an 
earthy aroma and flavour, and berry, citrus and sour flavour attributes. SD and DN 
cultivars have been shown to respond differently to the period of daylight hours 
and temperature (Chandler et al., 2012), and therefore the differences noted 
between these flowering types suggest that the environment may be a potential 
factor in determining the resultant sensory profile of strawberries. There were 
additionally sensory differences noted between commercially grown cultivars and 
newly bred elite lines. The commercial cultivars, Albion, Melba and San Andreas, 
possessed similar sensory profiles to one another, accompanying attributes 
commonly associated with under-ripe fruit, in green, citrus and sour (Davik et al., 
2006; Vandendriessche et al., 2013). The newly bred elite lines 27, 90 and 80 
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differed in flavour profile from these strawberries, characterised by sweetness, 
caramel, floral, berry and fruity attributes. 
 
Previous research profiling the sensory characteristics of a range of cultivars has 
similarly identified differences between strawberry cultivars. Appearance 
attributes, in particular the colour, shape and size of strawberries, have been 
documented to distinguish cultivars (Yamamoto et al., 2015). Furthermore, 
research indicates that volatiles contributing to the fruity, floral and caramel 
aroma in strawberries, in esters, furanones and lactones, have been shown to 
fluctuate in strawberries dependent upon the cultivar (Beekwilder et al., 2004; 
Dong et al., 2013; Jetti et al., 2007; Larsen & Poll, 1995; Latrasse, 1991; Scheiberle 
& Hofmann, 1997). The composition of these volatiles therefore account for some 
of the aroma and flavour variance perceived between cultivars. Differences 
established in cultivars are therefore fundamental in shaping the sensory 
differences in strawberries. 
 
  
Chapter eight: Summary of Major Findings and Conclusions 
 
 
228 
 
8.2.2 Attributes associated with liking 
 
An external preference map applied to the QDA™ data identified the sensory 
attributes that would satisfy the highest percentage of the population sampled. 
This methodology identified sweet, berry, caramel and floral flavour to be 
associated with consumer preference, of which sweet has been commonly 
documented as driving higher liking ratings in the literature (Ares et al., 2009; 
Jouquand et al., 2008; Lado et al., 2010; Lado et al., 2012; Schwieterman et al., 
2014; Vicente et al., 2014). In contrast, sour, green and earthy flavour attributes, 
as well as astringency, were established as negative drivers of liking within the 
total population assessed. When considering a different approach to understand 
drivers of liking, in CATA, this tool similarly identified sweet, berry and floral 
attributes to drive consumer liking, and sour, green, earthy and astringent 
attributes to be associated with a decrease in liking. These results therefore 
provide evidence to suggest that the different methodological approaches 
provide comparable results. Given that different sample sets were used for each 
analysis, this suggests liking is consistently driven by similar attributes irrespective 
of the cultivar evaluated. 
 
In consideration of these results, enhancement of the positive drivers of liking, 
sweet, berry, caramel and floral flavour, together with diminishment of negative 
drivers, sour, green, earthy and astringent, should increase liking within a cultivar. 
This research identified EL 168 and 27 as promising cultivars, and therefore if 
these cultivars prove viable across seasons and throughout prolonged storage, 
should succeed in the Australian market. 
 
Despite the results from both methodologies suggesting that majority of the 
population assessed would be satisfied with a strawberry possessing attributes 
positively associated with liking, none of the products tested had 100% reach. As 
has been documented in previous research, this highlights the notion that 
consumer preferences are unique to each individual (Geel et al., 2005; Lawlor & 
Delahunty, 2000; Santa Cruz et al., 2002). Three clusters of consumers were 
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identified that each displayed differing patterns of preference. IPM of the QDA™ 
results identified the largest cluster of consumers to be satisfied by strawberries 
characterised by sweet, caramel, berry, floral and fruity attributes, with this group 
of consumers displaying a preference for elite breeding lines. The second largest 
cluster was satisfied by strawberries with a floral aroma, and indicated a 
preference for the commercial Albion cultivar. The smallest of the three clusters 
had a preference for strawberries possessing earthy, fermented, and green 
attributes, of which the commercial San Andreas cultivar possessed. Elite line 27 
and the commercial Melba cultivar were however unable to be explained by this 
approach, due to elite line 27 being universally accepted, and Melba universally 
rejected. If a product is universally accepted or rejected by the population 
assessed, techniques that consider the entire population will more readily explain 
the attributes contributing to liking for these products. Thus, the former approach 
assessed at a total population level will explain the direction of liking of these 
products. 
 
When subjecting the three identified consumer clusters to EPM techniques using 
the QDA™ results, similar attributes were linked to liking as those produced via 
IPM. This therefore validates the IPM approach to identify consumer preferences 
of each cluster. This finding is supported by previous research that demonstrated 
IPM and EPM to produce similar results (Helgesen et al., 1997). The current 
research however identified greater detail in the external preference maps 
applied to the two smaller clusters, unable to be accounted for via IPM. In 
addition, the EPM approach establishes the percentage of consumers within each 
cluster that strawberry cultivars would satisfy. The second largest cluster was 
identified as being satisfied by strawberries possessing caramel flavour, as well as 
floral, fruity and earthy aroma, and an increase in red colour intensity. The 
smallest of the three clusters identified sour, green, citrus, astringent, gritty and 
fibrous attributes to be associated with liking via EPM. Therefore, the EPM 
approach provides a more detailed analysis of the sensory profile data 
attributable to each consumer group, hence is relevant when the attributes 
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driving liking are the object of interest. However, when the direction of individual 
liking is the focal point, the IPM approach is more appropriate. When developing 
a strawberry cultivar to appeal to consumers, this research has therefore 
highlighted the importance of not only understanding the differences in the 
various consumer groups, however also taking into consideration the relevant 
differences in the methodological approach applied.   
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8.2.3 Comparison of descriptive analysis sensory methodologies 
8.2.3.1 Comparison of product configurations 
 
When validating new methodologies in sensory science, traditional DA 
methodologies, that have been established as a reliable instrument in profiling the 
sensory attributes of products, are typically used as a comparative tool (Dairou & 
Sieffermann, 2002; Dehlholm et al., 2012; Delarue & Sieffermann, 2004; Perrin et 
al., 2007; Perrin et al., 2008). The RV coefficient is commonly used to assess the 
similarity between the two sets of variables (Josse et al., 2008). A comparison of 
the traditional DA methodology to Napping combined with UFP, CATA and TDS 
revealed Napping with UFP, using both a trained and untrained panel, as well as 
CATA, using an untrained panel, to be highly comparable to DA. The product 
configurations produced via the TDS methodology was however established as 
being moderately comparable to DA. 
 
The resultant high RV coefficients when comparing DA to the rapid 
methodologies, indicate that consumers were as reliable as the trained panel in 
their discrimination between samples. Recent research similarly found 
comparable product configurations when evaluating both traditional DA methods 
with the Napping methodology (Albert et al., 2011; Dehlholm et al., 2012; Louw 
et al., 2013; Varela & Ares, 2012), as well as CATA (Antúnez et al., 2017; Ares et 
al., 2015; Bruzzone et al., 2015; Dooley et al., 2010), however when compared to 
TDS, results were inconsistent. TDS has been identified as being comparable to 
traditional DA when evaluating products with greater differences (Devezeaux de 
Lavergne et al., 2015; Labbe et al., 2009; Ng et al., 2012), however when 
evaluating more complex products such as wine, the comparison of methods did 
not result in product configurations that were as highly correlated (Sokolowsky & 
Fischer, 2012). 
 
 
  
Chapter eight: Summary of Major Findings and Conclusions 
 
 
232 
 
Napping 
 
Although the product configurations produced via Napping were comparable to 
those produced via DA, the highest agreement was between the two Napping 
product configurations applied by the different panels. This suggests that the 
methodology difference may be greater than that of the two panels. The level of 
detail captured via DA will inevitably produce disparity when compared to the 
Napping outputs, given that the maps produced via Napping are considered on a 
two-dimensional space, and therefore limits its ability to capture a greater level 
of detail. This is highlighted by the smaller confidence ellipses applied to products 
on the DA maps, suggesting this methodology was more reliably able to uncover 
smaller product differences. Furthermore, given that panellists employ their own 
criteria to sort products via Napping, each panellist may sort products in a unique 
way, hence a higher level of variance is expected in the individual outputs. As has 
similarly been documented (Antúnez et al., 2017; Moussaoui & Varela, 2010), this 
subsequently results in a lower degree of variance explained by the first two 
dimensions of the MFA when applying Napping with untrained consumers. 
 
Despite these disparities, the duplicate cultivars placed close together on the 
Napping and DA maps indicate that untrained consumers have similar 
discriminating power to that of a trained panel. Previous research supports this 
notion, with consumers identified as reliable discriminators of products 
(Moussaoui & Varela, 2010). With a larger sample size, the Napping methodology 
using the untrained consumer panel was more confidently able to discriminate 
products than that of the trained panel applying the same methodology, as 
verified by the size of the confidence ellipses. However, when randomly and 
repeatedly selecting a subset of consumers to reanalyse the data, the similarity, 
and thus confidence of the product configurations produced via Napping with the 
untrained consumer panel to those produced via DA was reduced. Although 
previous research applying the Napping methodology has produced comparable 
results to DA with smaller numbers of consumers (Albert et al., 2011), the product 
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set used in the current research is closer in nature, thus the number of consumers 
required to produce comparable results to DA is required to be increased. 
 
CATA 
 
This research identified the CATA product configuration to be highly comparable 
to that produced via DA, however the high percentage of variance identified in a 
single dimension via CATA alludes to this methodology being unidimensional in 
nature. Previous research has reported similar results (Antúnez et al., 2017; Ares 
et al., 2015), with the finite list of terms used in CATA accounting for limited 
variation in the application of attributes, and thus a higher percentage of variance 
explained within a single dimension. This directly opposes the DA results that 
explains variance within multiple dimensions, due to the degree of detail captured 
via this methodology. Previous findings have further indicated the binary nature 
of the data produced via CATA to be limiting in discriminating between products 
(Antúnez et al., 2017). Despite this, the current research adequately distinguished 
products via the application of CATA, with duplicate samples positioned in close 
proximity. Although intensity data is not collected via CATA, the frequency of 
selection of a given attribute has been demonstrated to be indicative of the 
intensity of that attribute (Vandendriessche et al., 2013). Given that the frequency 
of selection of key attributes were highly correlated with their respective intensity 
ratings from DA, this accounts for the comparable resultant product 
configurations between methodologies. However, not all attributes were highly 
correlated across methodologies, highlighting a limitation in the discriminatory 
ability of CATA. This has been shown to be reduced as sample sets become more 
similar in nature (Ares et al., 2015; Dos Santos et al., 2015), as attributes that are 
present in all products, at differing intensities, will be unable to be distinguished 
via CATA. Thus, if more subtle differences are unable to be accounted for via CATA, 
the application of DA with a trained sensory panel is a more suitable approach to 
uncover these differences. 
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TDS 
 
The application of TDS resulted in moderately comparable product configurations 
to those produced via DA, potentially attributable to both the difference in 
methodologies, together with the difference in panels. TDS is dynamic in nature, 
in that it evaluates the changes in sensory perception over time (Albert et al., 
2012; Charles et al., 2017; Devezeaux de Lavergne et al., 2015; Labbe et al., 2009). 
Patterns of lingering are thus able to be captured via TDS, that may be 
unaccounted for via the DA methodology, this finding similarly reported in recent 
literature (Labbe et al., 2009). Moreover, the DA methodology is able to display 
subtle differences between products that are unable to be established via TDS 
(Meillon et al., 2009). Aside from methodology differences, the panel differences 
may further contribute to the discrepancy between outputs. The untrained 
consumer panel applying the TDS methodology may lack a common 
understanding of complex terms, and therefore is limited by the use of only simple 
terms that they possess a deeper understanding. The DA panel, being a highly 
trained sensory panel, has a common understanding of sensory attributes due to 
the calibration to scales and reference products. Thus, as has been previously 
reported, the more experienced DA panel evaluates products with greater 
objectivity (Charles et al., 2017). 
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8.2.3.2 Comparison of sensory attributes 
 
A comparison of the significantly applied sensory attributes across all 
methodologies resulted in DA discriminating between cultivars on the highest 
percentage of attributes. Previous research is in support of this finding, indicating 
that a trained sensory panel is highly attuned to uncover acute differences 
between strawberry cultivars (Bursac et al., 2007; Jetti et al., 2007; Péneau et al., 
2007; Rosenfeld & Nes, 2000). The high level of agreement required on attribute 
definitions accounts for the greater confidence in results when applying the DA 
methodology, explaining a higher level of detail in the variance noted between 
samples. DA however, was unable to account for differences in attributes 
indicative of the ripening level of strawberries, when strawberries evaluated were 
of a comparable maturation stage. This result was expected, given that the 
strawberries were pre-screened for maturation stage across these studies. 
 
When employing untrained consumers to undertake DA methodologies, there is 
the assumption that they possess a common understanding of attribute 
definitions. The untrained consumers applying the Napping with UFP 
methodology used their own language to describe strawberry samples. To 
account for the variance in terms generated by consumers when analysing the 
results, like terms are grouped in a similar technique as described by Ares et al. 
(2010), and therefore there is an assumption that the perception of the attribute 
of interest is uniform across consumers. In comparison of this methodology to DA, 
the criteria employed to sort products appeared to be indicative of the language 
consumers would apply to categorise products, with samples being discriminated 
via attributes signifying liking and spoilage. This therefore provides evidence that 
consumers can confidently provide information regarding their likes and dislikes, 
however may not be as attuned to objectively describe the sensory attributes. To 
further understand this, application of both the CATA and TDS methodologies 
incorporate the use of attributes that have been devised ahead of evaluations, 
however in employing these, may not be akin to the language of a consumer. As 
such, terms with a greater level of complexity were not significantly applied across 
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the two methodologies. When selecting attributes via these methodologies, there 
is too the assumption that consumers possess a similar understanding of the 
selected attribute. The lack of agreement in significantly applied attributes across 
all consumer methodologies is thus in part attributable to the lack of a common 
understanding of terms amongst consumers. This finding has been previously 
documented, revealing training to be a crucial step in ensuring a common 
understanding of sensory attributes, so that significance may be reached (Labbe 
et al., 2004). 
 
To determine whether training improves the application of rapid sensory 
methodologies, the trained sensory panel applied the Napping with UFP 
methodology. The terms generated through this approach were established as 
being closer to those identified via DA than to those generated through Napping 
with UFP using the consumer panel. This indicates that training may aid in the 
generation of terms more indicative of those produced via DA. Despite this, there 
were still limitations in the application of Napping with UFP that reduced 
comparability of attributes describing samples. The Global Napping (GN) 
methodology, employed in this research, requires the panellist to separate 
products holistically according to their similarities and differences (Dehlholm et 
al., 2012). Given that the assessor determines how the products are sorted, key 
sensory attributes may be unintentionally ignored by the assessor, with the focus 
primarily on more readily distinguishable attributes (Louw et al., 2013). This was 
evident when employing the trained panel to undertake the Napping with UFP 
methodology. A means of overcoming these limitations is to apply a Partial 
Napping (PN) approach that focusses on one sensory modality at a time, and thus 
will more closely mimic the output of the DA methodology (Dehlholm et al., 2012; 
Louw et al., 2013). Therefore, although training improves the confidence in the 
use of a descriptive language, when employing Napping with UFP, if the number 
of assessors is not large enough to capture all sensory information, a PN approach 
may be relevant. 
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There is evidence to suggest that both the application of CATA and TDS with 
consumers provide comparable information in the use of sensory attributes to 
those produced via DA. Upon correlating the frequency of the selection of 
attributes via CATA to the relevant DA intensities, together with correlating the 
TDS scores with the DA intensity data, the methodologies were comparable across 
a number of terms. However, as the complexity of the terms increased, the 
similarity across methods was reduced. This further highlights the notion that 
training in a common understanding of a sensory language increases the 
confidence in results. In addition, the methodology differences may account for 
discrepancies in significance across more complex terms. The application of CATA 
focusses on the selection of an attribute if it is present in the product. The data 
produced is therefore binary in nature, and may not be able to account for subtle 
differences in intensity between products. Therefore, if an attribute is present in 
all products at differing intensities, the nature of CATA is unable to account for 
this. Furthermore, if the duration of the presence of an attribute differs across 
products, this is in addition unable to be explained via CATA. TDS however 
accounts for some of these limitations of CATA, in that differences over time are 
assessed. The application of TDS however, did not result in the significant 
application of attributes across products, due to the method being limited to the 
selection of only the dominant attributes. Therefore, if an attribute differs 
between products, however is never dominant, the TDS methodology is unable to 
discriminate products via this attribute. These methodology differences therefore 
explain the lack of significance established across attributes via rapid methods 
employing consumers as the assessor. 
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8.3 Conclusions 
 
Major conclusions from this thesis are as follows: 
 
 Majority of the sensory variation of strawberries is dependent upon 
maturation, highlighting the critical nature of harvesting strawberries at 
the ideal ripening stage. 
 Given that DN cultivars have a longer season than SD cultivars, it would be 
logical to focus on the development of an Australian DN cultivar. This 
research established the DN Portola and Albion cultivars to possess higher 
intensities of characteristics that have been linked to consumer liking, and 
it would therefore be ideal to produce an Australian cultivar with a similar 
sensory profile to these cultivars. 
 This research identified various clusters of consumers, each displaying 
differing preference patterns, together with different attributes identified 
as contributing to liking. 
 When considering the entire population of consumers, sweet, berry, 
caramel and floral flavour attributes were associated with liking, and sour, 
earthy, green and astringent attributes associated with a decrease in liking. 
Elite line 27 was identified as having the highest appeal universally, thus 
the introduction of this cultivar should satisfy the largest group of 
consumers. 
 This research identified Napping with UFP using both a trained and 
untrained panel to produce comparable product configurations to the 
output of DA, however upon reducing the number of consumers 
undertaking Napping with UFP, the similarity to DA is reduced. 
 Similar descriptive terms were identified via Napping with UFP using 
consumers to those produced via DA, however the lack of a common 
descriptive language amongst an untrained consumer panel limits its use. 
Thus, Napping with UFP using a large number of untrained consumers has 
proven to be an appropriate alternative to DA under time constraints. 
Chapter eight: Summary of Major Findings and Conclusions 
 
 
239 
 
 This research identified CATA product configurations to be comparable to 
DA, with similar descriptive terms associated with liking. However, a higher 
level of detail was established via DA, attributable to the training in 
understanding a common lexicon and the collection of intensity data. 
Therefore, CATA has been identified as a valid alternative for DA to 
determine attributes driving liking, however DA is more appropriate when 
precise definitions of the sensory attributes of products are required. 
 This research identified the output of TDS to be moderately comparable to 
DA, with the lower similarity between methods attributable to the lack of 
training on the definition of terms, as well as the methodology difference, 
in that the dominant sensation is the focus. 
 TDS has been established as providing a different magnitude of 
information to DA, establishing information regarding lingering unable to 
be identified via the DA methodology. Therefore, this research identified 
TDS as a potential methodology to complement DA, when information 
regarding the lingering profile of products is of interest. 
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8.4 Future directions 
 
This research has identified variation within strawberries attributed to 
maturation, cultivar and flowering type. It is important to consider the impact of 
this variation on strawberries when developing new cultivars, to ensure flavour 
development is targeted to meet consumer preferences. Strawberries have been 
shown to vary even within a single crop, with research also documenting 
environmental effects on the quality of strawberries across multiple seasons 
(Antunes, Cuquel, Zawadneak, Mogor, & Resende, 2014). The harvest and storage 
conditions prior to consumption may also influence the sensory profile of 
strawberries. It is, therefore, important to additionally consider the influence of 
the environment and post-harvest storage conditions on individual cultivars, 
however, to also understand its contribution to the differences observed between 
cultivars. Therefore, to establish whether the environment and post-harvest 
storage conditions are playing a key role in the variation seen within a strawberry 
cultivar, the next logical step is to assess the impact of seasonality and post-
harvest storage conditions on the sensory profile of strawberries within an 
Australian environment. This will ensure that upon establishing a well-liked 
cultivar, the delivery of sensory attributes is consistent over time in meeting 
consumer preferences. 
 
The flavours contributing to increased liking within strawberries grown in 
Australia have been established through this research, with the attributes 
decreasing liking further identified. To assist breeding programs in ensuring newly 
developed cultivars express these flavours, it is important to determine the 
chemicals contributing to the expression of each flavour. Once established, 
cultivars that do not express flavours driving liking, as well as those expressing 
flavours identified as being associated with a reduction in liking, can be screened 
out in the early stages of development. This therefore negates the need to engage 
the consumer until a smaller number of potential cultivars expressing the ideal 
flavours are established. 
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Through this research, various methodologies were applied to understand the 
sensory profile of strawberries, as well as establishing their suitability in future 
use. Upon exploring rapid methods of sensory evaluation, there are limitations in 
the application of these methodologies that restrict their use. In application of the 
Napping methodology combined with UFT, the GN approach, which requires 
assessors to consider holistic product similarities and differences on a single two-
dimensional space, may see assessors focussing on singular modalities, and in 
doing so ignore prominent product characteristics. To account for these 
drawbacks, application of the PN alternative, that assesses each modality 
singularly, may result in a more detailed summary of the similarities and 
differences within the product set. This technique is more time consuming than 
GN due to the multiple maps produced per assessor, however application of this 
method may prove to be a closer rapid alternative to the traditional DA 
methodology. 
 
Application of the CATA and TDS methodologies provided different magnitudes of 
information, with limitations across both approaches. CATA is limited in that 
differences between products are unable to be accounted for if attributes are 
present across all products at varying intensities. TDS however, is limited by 
selection of only the dominant attributes, and subsequent documentation of the 
way these change over time. To account for some of these constraints, recent 
research is exploring a combined approach, in TCATA (Castura, Antúnez, Giménez, 
& Ares, 2016). (Castura et al., 2016). This recently developed methodology 
eliminates some of the shortcomings accompanying each approach when in 
isolation. Although intensity data is not collected, the duration each attribute is 
selected as being present, may reflect the intensity of the attribute within the 
product. It is logical therefore to validate this recently developed TCATA 
methodology, as this may provide a more detailed analysis, with clearer 
differences identified between products than the TDS and CATA approaches 
alone. 
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Upon applying rapid methodologies of sensory science to strawberries in this 
research, the findings contribute to the growing body of evidence in 
understanding their function in future work. It is however, important to extend 
understanding of these rapid methodologies, and in doing so broaden their 
potential application. Therefore, investigation of the rapid methodologies applied 
in the current research should be employed across a broader range of product 
categories, with the subsequent comparison to DA. This will provide a more well-
rounded understanding of the techniques available to understand the sensory 
perception of products. 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO:  Participants  
 
 
Plain Language Statement  
Date: 01/07/12 
Full Project Title: Descriptive analysis of foods 
Principal Researcher: A/Prof Russell Keast 
Student Researcher: Miss Penelope Oliver 
Student course: Higher Degree by Research (PhD) 
Associate Researchers: Dr Sara Cicerale 
 
 
This Participant Information and Consent Form is 6 pages long. Please make sure 
you have all the pages.  
1. Your consent 
You are invited to take part in this research project.  
This Plain Language Statement contains detailed information about the research 
project. Its purpose is to explain to you as openly and clearly as possible all the 
procedures involved in this project so that you can make a fully informed decision 
whether you are going to participate.  
Please read this Plain Language Statement carefully. Feel free to ask questions 
about any information in the document. You may also wish to discuss the project with 
a relative or friend or your local health worker. Feel free to do this. 
Once you understand what the project is about and if you agree to take part in it, you 
will be asked to sign the Consent Form. By signing the Consent Form, you indicate 
that you understand the information and that you give your consent to participate in 
the research project. 
You will be given a copy of the Plain Language Statement and Consent Form to keep 
as a record. 
2.      Purpose and Background 
The purpose of this project is to establish a panel of participants via a screening 
process to critically evaluate the flavour components of strawberries. The participants 
will be initially screened for their sensitivity to tastes and aromas via three sensitivity 
tests. These sensitivity tests include tasting various flavours and evaluating the 
perceived flavour, ranking samples from the least intense to the most intense flavour, 
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and matching various odours. Those deemed to be the most sensitive following this 
initial screening process will be invited to participate in the panel. 
The use of a trained panel is an objective method of evaluating and describing a 
product’s sensory characteristics. These panels are required to objectively and 
accurately evaluate the appearance, aroma, taste, texture and aftertaste of foods or 
beverages. Trained panels are commonly used to evaluate foods, and have been 
used in research evaluating the sensory properties of olive oil, orange juice, black 
current juice, pac choi and tomatoes. 
The panel will be trained to use rating scales correctly and to critically evaluate 
flavour attributes of a variety of foods and beverages. For an accurate assessment of 
the flavour attributes of strawberries, the panel will be familiarised with the product, 
and trained to use descriptive language to accurately evaluate the key sensory 
components. The trained panel will use the techniques learnt to evaluate the 
strawberries appearance, aroma, taste, texture and aftertaste. These techniques 
include both detecting and quantifying the various sensory attributes of strawberries.  
Strawberries have been previously evaluated for their aroma to detect flavour 
variance between strains of fruit. The strawberry is a complex fruit with many 
compounds contributing to the flavour profile. The use of a trained panel will be 
beneficial in evaluating the appearance, aroma, taste, texture and aftertaste of 
strawberries in an objective manner so that a strawberry with the ideal flavour 
attributes may be produced. 
You are invited to participate in this research project because you are over 18 years 
of age you responded to a flyer about this research.  
3.  Funding 
The research is funded by Horticulture Australia Limited (HAL). HAL is a non-for-
profit organisation that works with Australia’s horticulture industries to invest in 
research, development and marketing programs that will benefit the industry and 
wider community.  
4. Procedures 
Participation in this project will involve the following: 
1/ Provide demographic information including date of birth, age, gender and have 
your height and weight measured.  
2/ Provide your contact details, including your name, address, telephone number, 
and email address. 
3/ Food consumption data will be collected. A list of common foods will be provided 
and you will be asked to identify foods you commonly consume. 
4/ Attend testing sessions at Deakin University Burwood campus (60-120 minutes), 
up to three times per week. This will include the consumption of a variety of foods or 
beverages, evaluation of the flavour, including identifying the flavour and reporting 
how strong the flavours seem using a scale, or providing an overall liking assessment 
of the food/beverage, including choosing one sample from among two or more. The 
panel is an ongoing panel that may be required for testing up to three times per week 
during strawberry harvest season (December to February) for the next three years. 
Participation time will depend on the strawberry varieties available at any given time. 
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There may be additional testing required throughout the year evaluating strawberry 
varieties other than those produced in Victoria. 
5/ Non-volatile chemical sensitivity testing will be conducted to determine your taste 
sensitivity using six flavour qualities (sweet, salty, sour, bitter, umami, astringent and 
metallic). This involves rinsing your mouth with the whole sample for each solution to 
evaluate the flavour perceived (if any) and then expectorate.  
6/ Ranking of solutions according to taste intensity will be conducted to assess your 
taste sensitivity. You will be required to rank a number of samples in order of their 
taste attribute from the least intense to that of the highest intensity. 
7/ Odour matching testing will be conducted to evaluate your olfactory capabilities. 
Familiar odour qualities will be provided to you in duplicate (two sets of one group of 
odours). You will then be asked to match the odours in the second group that 
correspond to the first group, as well as determining the descriptor for the odour from 
a list provided. 
8/ Strawberries and fruit will be critically evaluated for their flavour attributes. 
5. Possible Benefits 
We cannot guarantee or promise that you will receive any benefits from this project.  
6. Possible Risks 
The study is considered low risk by the researcher.   
7. Privacy, Confidentiality and Disclosure of Information 
Any information obtained in connection with this project and that can identify you will 
remain confidential. It will only be disclosed with your permission, subject to legal 
requirements. The following precautions will be adhered to:  
Any information provided will not be made public in any form that would reveal 
participants identity to an outside party, thus all participants will remain anonymous.  
All data will be re-identified and stored on a password protected secure Deakin server 
for a period of 6 years after publication, after which stage it will be destroyed. Only the 
investigators will have access to this data. 
In any publication, information will be provided in such a way that you cannot be 
identified. Confidentiality will be maintained as only group means will be reported and 
no participants will be mentioned by name.  
8. Results of Project 
Participants may contact the primary researcher by email or phone, and upon 
request, a summary of the project will be emailed to you at the completion of the 
study.  
9. Participation is Voluntary 
Participation in any research project is voluntary. If you do not wish to take part 
you are not obliged to. If you decide to take part and later change your mind, you 
are free to withdraw from the project at any stage until the data is processed or the 
participant’s identifying details are removed. Any information obtained from you to 
date will not be used and will be destroyed. 
Your decision whether to take part or not to take part, or to take part and then 
withdraw, will not affect your relationship with Deakin University. 
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Before you make your decision, a member of the research team will be available to 
answer any questions you have about the research project. You can ask for any 
information you want.  Sign the Consent Form only after you have had a chance to 
ask your questions and have received satisfactory answers. 
If you decide to withdraw from this project, please notify a member of the research 
team or complete and return the Revocation of Consent Form attached. This notice 
will allow that person or the research supervisor to inform you if there are any health 
risks or special requirements linked to withdrawing. 
10. Ethical Guidelines 
This project will be carried out according to the National Statement on Ethical 
Conduct in Human Research (2007) produced by the National Health and Medical 
Research Council of Australia. This statement has been developed to protect the 
interests of people who agree to participate in human research studies. 
The ethical aspects of this research project have been approved by the Human 
Research Ethics Committee of Deakin University.   
11. Complaints 
If you have any complaints about any aspect of the project, the way it 
is being conducted or any questions about your rights as a research 
participant, then you may contact:   
 
The Manager, Office of Research Integrity, Deakin University, 221 Burwood 
Highway, Burwood Victoria 3125, Telephone: 9251 7129, Facsimile: 9244 6581; 
research-ethics@deakin.edu.au. Please quote project number HEAG-H 105_2012. 
12. Reimbursement  
 You will be reimbursed for you time.  
13. Further Information, Queries or Any Problems 
If you require further information or wish to withdraw your participation from this 
project, you can contact the principal researcher. 
The researcher responsible for this project is: 
A/Prof Russell Keast (PhD) 
School of Exercise and Nutrition Sciences 
Deakin University 
e-mail: russell.keast@deakin.edu.au 
phone: 03 9244 6944 
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 PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO:  Participants 
 
Consent Form 
Date: 16/12/11 
Full Project Title: Descriptive analysis of foods  
Reference Number:  
 
 
I have read and I understand the attached Plain Language Statement. 
I freely agree to participate in this project according to the conditions in the Plain 
Language Statement.  
I have been given a copy of the Plain Language Statement and Consent Form to 
keep.  
The researcher has agreed not to reveal my identity and personal details, including 
where information about this project is published, or presented in any public form.   
Please indicate below whether you agree to be invited to participate in future 
research. 
□ Yes, I agree to be invited to participate in future research. 
□ No, I do not agree to be invited to participate in future research. 
 
Participant’s Name (printed) 
…………………………………………………………………… 
Signature ……………………………………………………… Date  
………………………… 
 
 
A/Prof Russell Keast (PhD) 
School of Exercise and Nutrition Sciences 
Deakin University 
221 Burwood Highway VIC 3125 
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PLAIN LANGUAGE STATEMENT AND CONSENT FORM 
 
TO:  Participant 
 
 
Revocation of Consent Form 
(To be used for participants who wish to withdraw from the project) 
Date: 16/12/11 
Full Project Title: Descriptive analysis of foods  
 
Reference Number:  
 
 
 
I hereby wish to WITHDRAW my consent to participate in the above research project 
and understand that such withdrawal WILL NOT jeopardise my relationship with 
Deakin University.   
 
 
 
Participant’s Name 
(printed) ……………………………………………………. 
 
 
Signature ………………………………………………………………. 
 
Date …………………… 
 
 
 
Please mail or fax this form to: 
 
A/Prof Russell Keast (PhD) 
School of Exercise and Nutrition Sciences 
Deakin University 
221 Burwood Highway VIC 3125 
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Appendix C. Recruitment of Quantitative Descriptive Analysis™ (QDA™) 
panel flyer 
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Appendix D. Recruitment of Quantitative Descriptive Analysis™ (QDA™) 
panel email script to database of contacts who had previously participated in 
sensory studies at Deakin University or were currently Deakin University staff 
members 
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Email Script 
 
 
Do you consider yourself a FOODIE? 
 
We are looking for keen people to join a project team TASTING 
STRAWBERRIES and conducting sensory evaluation to investigate their flavour 
profile. 
 
Are you: 
 
 Over the age of 18? 
 A non-smoker? 
 Willing to taste various foods and ingredients? 
 Someone with a high attention to detail? 
 Able to attend sessions at Deakin University in Burwood? 
 
If you answered yes to the questions above and are interested in participating 
in this research please respond to this email with your contact details so that 
we may provide you with further information. 
 
We look forward to hearing from you! 
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Appendix E. Recruitment of a consumer liking panel flyer 
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275 
 
 
 
 
 
 
 
 
 
 
 
Appendix F. Preliminary screening questions for use in the phone screening 
interview 
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Preliminary screening questions for use in the phone screening interview 
 
1. Are you over the age of 18? 
 
Yes  
    
No 
 
 
 
2. Do you smoke? 
 
Yes  
    
No 
 
 
3. Do you eat a wide variety of 
foods? 
 
Yes  
    
No 
 
 
4. Do you like to eat 
strawberries? 
 
Yes  
    
No 
 
 
5. Do you have any food 
allergies? 
 
Yes  
    
No 
 
 
6. If you have any food allergies 
please list them below: 
 
_______________________________
_______________________________
_______________________________
_______________________________
_______________________________
_______________________________ 
 
7. Do you avoid any particular 
foods? 
 
Yes  
    
No 
 
 
 
8. If you avoid any foods please 
list them below with the 
reason you avoid them: 
 
_______________________________
_______________________________
_______________________________
_______________________________
_______________________________
_______________________________ 
 
 
9. Are you in general good 
health? 
 
Yes  
    
No 
 
 
 
10. Are you pregnant or 
lactating? 
 
Yes  
    
No 
 
 
 
11. Are you available to 
participate in research on 
Monday – Friday?  
 
Yes  
    
No 
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Appendix G. Strawberry Quantitative Descriptive Analysis™ (QDA™) Panel 
Screening Questionnaire – Compusense Script 
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Panel Screening Questionnaire 
1. Please write your subject code below: 
______________________________________________________________ 
2. Please write your age in years below: 
______________________________________________________________ 
3. Are you male / female? 
    Male      Female 
 
4. Do you currently suffer from the common cold/flu? 
    Yes      No 
 
5. Do you have any allergies? 
    Yes      No (Please proceed to question 7) 
 
6. Please list your allergy/allergies below: 
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
 
7. Do you avoid any particular foods? 
    Yes      No (Please proceed to question 9) 
 
8. Please list the foods you avoid: 
______________________________________________________________
______________________________________________________________
______________________________________________________________
______________________________________________________________ 
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The following instructions are for the next 10 samples (Question 9 to 18) 
 
Please put on your nose clip. 
 
Starting from the sample on the left of your tray and moving left to right, please rinse the 
entire 15mL sample through your mouth. 
 
Hold the sample in your mouth and swirl it around for 5 seconds. 
 
Spit the sample out. 
 
Do not swallow the sample. 
 
Click CONTINUE and evaluate the taste of the sample using 1 of the descriptors from the list 
provided. 
 
Please rinse your mouth with water between samples. 
 
 
9. Please choose one of the descriptors from the list provided to describe the 
taste of sample 714. 
 
 Sweet          Salty 
 Sour          Bitter 
 Umami          Astringent 
 Metallic         No taste 
 None of the above 
 
Please rinse your mouth before proceeding. 
 
10. Please choose one of the descriptors from the list provided to describe the 
taste of sample 299. 
 
 
 Sweet          Salty 
 Sour          Bitter 
 Umami          Astringent 
 Metallic         No taste 
 None of the above 
 
Please rinse your mouth before proceeding. 
 
11. Please choose one of the descriptors from the list provided to describe the 
taste of sample 592. 
 
 Sweet          Salty 
 Sour          Bitter 
 Umami          Astringent 
 Metallic         No taste 
 None of the above 
 
Please rinse your mouth before proceeding. 
 
 
 
280 
 
12. Please choose one of the descriptors from the list provided to describe the 
taste of sample 800. 
 
 Sweet          Salty 
 Sour          Bitter 
 Umami          Astringent 
 Metallic         No taste 
 None of the above 
 
Please rinse your mouth before proceeding. 
 
13. Please choose one of the descriptors from the list provided to describe the 
taste of sample 833. 
 
 Sweet          Salty 
 Sour          Bitter 
 Umami          Astringent 
 Metallic         No taste 
 None of the above 
 
Please rinse your mouth before proceeding. 
 
14. Please choose one of the descriptors from the list provided to describe the 
taste of sample 131. 
 
 Sweet          Salty 
 Sour          Bitter 
 Umami          Astringent 
 Metallic         No taste 
 None of the above 
 
Please rinse your mouth before proceeding. 
 
15. Please choose one of the descriptors from the list provided to describe the 
taste of sample 603. 
 
 Sweet          Salty 
 Sour          Bitter 
 Umami          Astringent 
 Metallic         No taste 
 None of the above 
 
Please rinse your mouth before proceeding. 
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16. Please choose one of the descriptors from the list provided to describe the 
taste of sample 307. 
 
 Sweet          Salty 
 Sour          Bitter 
 Umami          Astringent 
 Metallic         No taste 
 None of the above 
 
Please rinse your mouth before proceeding. 
 
17. Please choose one of the descriptors from the list provided to describe the 
taste of sample 814. 
 
 Sweet-sour         Sweet-salty 
 Sweet-bitter         Sweet-umami 
 Sour-salt         Sour-bitter 
 Sour-umami         Salty-bitter 
 Salty-umami         Bitter-umami 
 No taste         None of the above 
 
Please rinse your mouth before proceeding. 
 
18. Please choose one of the descriptors from the list provided to describe the 
taste of sample 626. 
 
 Sweet-sour         Sweet-salty 
 Sweet-bitter         Sweet-umami 
 Sour-salt         Sour-bitter 
 Sour-umami         Salty-bitter 
 Salty-umami         Bitter-umami 
 No taste         None of the above 
 
Please rinse your mouth before proceeding. 
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The following instructions are for the next 20 samples (Question 19 to 23) 
 
Please ensure you are wearing your nose clip.  
 
Starting from the sample on the left of your tray, please rinse the entire 15mL sample 
through your mouth. 
 
Hold the sample in your mouth and swirl it around for 5 seconds. 
 
Spit the sample out.  
 
Do not swallow the sample. 
 
Evaluate the intensity of the sample on the line scales provided. 
 
Please rinse your mouth with water between samples. 
 
 
19.  
a. Sample 800 
 
no taste         very strong 
taste 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
b. Sample 317 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
c. Sample 792 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
d. Sample 411 
 
no taste        very strong taste 
 
___________________________________________________________________ 
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20.  
a. Sample 904 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
 
Please rinse your mouth with water before proceeding. 
 
 
b. Sample 616 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
c. Sample 836 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
d. Sample 159 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
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21.  
a. Sample 241 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
b. Sample 117 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
c. Sample 739 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
d. Sample 403 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
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22.  
a. Sample 473 
 
no taste         very strong 
taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
b. Sample 967 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
c. Sample 522 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
d. Sample 186 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
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23.  
a. Sample 603 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
b. Sample 299 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
c. Sample 833 
 
no taste        very strong taste 
 
___________________________________________________________________ 
 
 
Please rinse your mouth with water before proceeding. 
 
 
 
d. Sample 592 
 
no taste        very strong taste 
 
___________________________________________________________________ 
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The following instructions are for the next 20 samples (Question 24 to 28) 
 
Please ensure you are wearing your nose clip.  
 
Starting from the sample on the left of your tray and moving from left to right, please rinse 
each of the 15mL samples through your mouth. 
 
Do not take the entire sample in as you may need to re-evaluate the taste in order to 
perform this ranking task. 
 
Hold the sample in your mouth and swirl it around for 5 seconds. 
 
Spit the sample out. 
 
Do not swallow the sample. 
 
Rank the samples in order of taste intensity from the weakest to the strongest taste. 
 
Please rinse your mouth with water between samples. 
 
 
24. Please rank the samples in order of taste intensity from the weakest to the 
strongest. 
    
     1 = WEAKEST 
   
     4 = STRONGEST 
 
190_____________ 
853_____________ 
206_____________ 
442_____________ 
 
Please rinse your mouth with water before proceeding. 
 
 
25. Please rank the samples in order of taste intensity from the weakest to the 
strongest. 
    
     1 = WEAKEST 
   
     4 = STRONGEST 
  
847_____________ 
310_____________ 
521_____________ 
652_____________ 
 
Please rinse your mouth with water before proceeding. 
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26. Please rank the samples in order of taste intensity from the weakest to the 
strongest. 
    
     1 = WEAKEST 
   
     4 = STRONGEST 
   
907_____________ 
825_____________ 
664_____________ 
315_____________ 
 
Please rinse your mouth with water before proceeding. 
 
 
27. Please rank the samples in order of taste intensity from the weakest to the 
strongest. 
    
     1 = WEAKEST 
   
     4 = STRONGEST 
 
280_____________ 
649_____________ 
300_____________ 
755_____________ 
 
Please rinse your mouth with water before proceeding. 
 
 
28. Please rank the samples in order of taste intensity from the weakest to the 
strongest. 
    
     1 = WEAKEST 
   
     4 = STRONGEST 
 
607_____________ 
999_____________ 
554_____________ 
789_____________ 
 
Please rinse your mouth with water before proceeding. 
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The following instructions are for the next 10 samples (Question 29 to 38) 
 
Starting from the sample on the left of your tray and moving left to right, front to back, 
please unscrew the bottle cap and sniff the aroma bottle for 2-3 seconds. 
 
Screw the bottle cap back on. 
 
Evaluate the aroma of the sample using 1 or more of the descriptors as appropriate from the 
list provided. 
 
Please sniff the inside of your wrist between samples. 
 
 
29. Select one or more descriptors from the list to describe the aroma of sample 188. 
 
 Almond       Hazelnut      Peppermint 
 Aniseed       Leather      Petrol 
 Apple       Lemon      Raspberry 
 Banana       Licorice      Rose 
 Caramel       Lime       Soap 
 Cherry       Mango      Spearmint 
 Chocolate      Minty      Spicy 
 Cinnamon      Nutmeg      Vanilla 
 Clove       Nutty      Violet 
 Coffee       Oak       Woody 
 Floral       Orange      No aroma 
 Garlic       Peach      None of the above 
 Green 
 
 
Please sniff the inside of your wrist before proceeding. 
 
 
30. Select one or more descriptors from the list to describe the aroma of sample 942. 
 
 Almond       Hazelnut      Peppermint 
 Aniseed       Leather      Petrol 
 Apple       Lemon      Raspberry 
 Banana       Licorice      Rose 
 Caramel       Lime       Soap 
 Cherry       Mango      Spearmint 
 Chocolate      Minty      Spicy 
 Cinnamon      Nutmeg      Vanilla 
 Clove       Nutty      Violet 
 Coffee       Oak       Woody 
 Floral       Orange      No aroma 
 Garlic       Peach      None of the above 
 Green 
 
 
Please sniff the inside of your wrist before proceeding. 
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31. Select one or more descriptors from the list to describe the aroma of sample 554. 
 
 Almond       Hazelnut      Peppermint 
 Aniseed       Leather      Petrol 
 Apple       Lemon      Raspberry 
 Banana       Licorice      Rose 
 Caramel       Lime       Soap 
 Cherry       Mango      Spearmint 
 Chocolate      Minty      Spicy 
 Cinnamon      Nutmeg      Vanilla 
 Clove       Nutty      Violet 
 Coffee       Oak       Woody 
 Floral       Orange      No aroma 
 Garlic       Peach      None of the above 
 Green 
 
Please sniff the inside of your wrist before proceeding. 
 
32. Select one or more descriptors from the list to describe the aroma of sample 139. 
 
 Almond       Hazelnut      Peppermint 
 Aniseed       Leather      Petrol 
 Apple       Lemon      Raspberry 
 Banana       Licorice      Rose 
 Caramel       Lime       Soap 
 Cherry       Mango      Spearmint 
 Chocolate      Minty      Spicy 
 Cinnamon      Nutmeg      Vanilla 
 Clove       Nutty      Violet 
 Coffee       Oak       Woody 
 Floral       Orange      No aroma 
 Garlic       Peach      None of the above 
 Green 
 
Please sniff the inside of your wrist before proceeding. 
 
33. Select one or more descriptors from the list to describe the aroma of sample 499. 
 
 Almond       Hazelnut      Peppermint 
 Aniseed       Leather      Petrol 
 Apple       Lemon      Raspberry 
 Banana       Licorice      Rose 
 Caramel       Lime       Soap 
 Cherry       Mango      Spearmint 
 Chocolate      Minty      Spicy 
 Cinnamon      Nutmeg      Vanilla 
 Clove       Nutty      Violet 
 Coffee       Oak       Woody 
 Floral       Orange      No aroma 
 Garlic       Peach      None of the above 
 Green 
 
Please sniff the inside of your wrist before proceeding. 
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34. Select one or more descriptors from the list to describe the aroma of sample 706. 
 
 Almond       Hazelnut      Peppermint 
 Aniseed       Leather      Petrol 
 Apple       Lemon      Raspberry 
 Banana       Licorice      Rose 
 Caramel       Lime       Soap 
 Cherry       Mango      Spearmint 
 Chocolate      Minty      Spicy 
 Cinnamon      Nutmeg      Vanilla 
 Clove       Nutty      Violet 
 Coffee       Oak       Woody 
 Floral       Orange      No aroma 
 Garlic       Peach      None of the above 
 Green 
 
Please sniff the inside of your wrist before proceeding. 
 
35. Select one or more descriptors from the list to describe the aroma of sample 847. 
 
 Almond       Hazelnut      Peppermint 
 Aniseed       Leather      Petrol 
 Apple       Lemon      Raspberry 
 Banana       Licorice      Rose 
 Caramel       Lime       Soap 
 Cherry       Mango      Spearmint 
 Chocolate      Minty      Spicy 
 Cinnamon      Nutmeg      Vanilla 
 Clove       Nutty      Violet 
 Coffee       Oak       Woody 
 Floral       Orange      No aroma 
 Garlic       Peach      None of the above 
 Green 
 
Please sniff the inside of your wrist before proceeding. 
 
36. Select one or more descriptors from the list to describe the aroma of sample 761. 
 
 Almond       Hazelnut      Peppermint 
 Aniseed       Leather      Petrol 
 Apple       Lemon      Raspberry 
 Banana       Licorice      Rose 
 Caramel       Lime       Soap 
 Cherry       Mango      Spearmint 
 Chocolate      Minty      Spicy 
 Cinnamon      Nutmeg      Vanilla 
 Clove       Nutty      Violet 
 Coffee       Oak       Woody 
 Floral       Orange      No aroma 
 Garlic       Peach      None of the above 
 Green 
 
Please sniff the inside of your wrist before proceeding. 
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37. Select one or more descriptors from the list below to describe the aroma of sample 
397. 
 
 Almond       Hazelnut      Peppermint 
 Aniseed       Leather      Petrol 
 Apple       Lemon      Raspberry 
 Banana       Licorice      Rose 
 Caramel       Lime       Soap 
 Cherry       Mango      Spearmint 
 Chocolate      Minty      Spicy 
 Cinnamon      Nutmeg      Vanilla 
 Clove       Nutty      Violet 
 Coffee       Oak       Woody 
 Floral       Orange      No aroma 
 Garlic       Peach      None of the above 
 Green 
 
Please sniff the inside of your wrist before proceeding. 
 
38. Select one or more descriptors from the list below to describe the aroma of sample 
470. 
 
 Almond       Hazelnut      Peppermint 
 Aniseed       Leather      Petrol 
 Apple       Lemon      Raspberry 
 Banana       Licorice      Rose 
 Caramel       Lime       Soap 
 Cherry       Mango      Spearmint 
 Chocolate      Minty      Spicy 
 Cinnamon      Nutmeg      Vanilla 
 Clove       Nutty      Violet 
 Coffee       Oak       Woody 
 Floral       Orange      No aroma 
 Garlic       Peach      None of the above 
 Green 
 
 
Please sniff the inside of your wrist before proceeding. 
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The following instructions are for the next 10 samples (Question 39 to 43) 
 
Starting from the sample on the left of your tray and moving from left to right in the front 
row, please unscrew the bottle cap and sniff each aroma bottle for 2-3 seconds. 
 
Screw the bottle cap back on. 
 
Please sniff the inside of your wrist between samples. 
 
In the back row, unscrew each bottle cap and sniff each aroma bottle for 2-3 seconds 
moving from left to right. 
 
Match each of the aroma jars in the front row to their corresponding aroma jar in the back 
row.  
 
 
 
39. Please identify which of the following aromas is the same as aroma 519. 
 
 
 454 
 841 
 683 
 712 
 947 
 
Please sniff the inside of your wrist between samples. 
 
 
 
40. Please identify which of the following aromas is the same as aroma 437. 
 
 
 454 
 841 
 683 
 712 
 947 
 
Please sniff the inside of your wrist between samples. 
 
 
 
41. Please identify which of the following aromas is the same as aroma 276. 
 
 
 454 
 841 
 683 
 712 
 947 
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Please sniff the inside of your wrist between samples. 
 
 
42. Please identify which of the following aromas is the same as aroma 968. 
 
 
 454 
 841 
 683 
 712 
 947 
 
Please sniff the inside of your wrist between samples. 
 
 
43. Please identify which of the following aromas is the same as aroma 319. 
 
 
 454 
 841 
 683 
 712 
 947 
 
Please sniff the inside of your wrist between samples. 
 
 
44. Please taste the strawberry provided. Describe the appearance, taste, 
aroma and texture in your own words using as many descriptors as you feel 
appropriate. 
 
 
__________________ __________________ __________________   
__________________  __________________   __________________  
__________________ __________________   __________________  
__________________ __________________ __________________   
__________________  __________________   __________________  
__________________  __________________   __________________  
__________________ __________________ __________________   
__________________  __________________   __________________   
 
Thank you for your participation!  
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Appendix H. Strawberry Quantitative Descriptive Analysis™ (QDA™) Panel 
Questionnaire – Compusense Script 
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Quantitative Descriptive Analysis™ (QDA™) Questionnaire 
 
Please evaluate the intensity of each of the following attributes on the line scales provided 
for sample 158. 
 
Please rinse your mouth with water between samples. 
 
 
APPEARANCE  
 
Red colour 
 
light                      dark 
___________________________________________________________________ 
 
 
Length 
 
short                      long 
___________________________________________________________________ 
 
 
AROMA 
 
Berry 
 
no aroma           very strong aroma 
 
___________________________________________________________________ 
 
 
Caramel 
 
no aroma           very strong aroma 
 
___________________________________________________________________ 
 
 
Earthy 
 
no aroma           very strong aroma 
 
___________________________________________________________________ 
 
 
Floral 
 
no aroma           very strong aroma 
 
___________________________________________________________________ 
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Fruity 
 
no aroma           very strong aroma 
 
___________________________________________________________________ 
 
 
Green 
 
no aroma           very strong aroma 
 
___________________________________________________________________ 
 
 
TEXTURE 
 
Firmness 
 
soft                      firm 
 
___________________________________________________________________ 
 
 
MOUTHFEEL 
 
Juicy 
 
low                      high 
 
___________________________________________________________________ 
 
 
Fibrous 
 
low                      high 
 
___________________________________________________________________ 
 
 
Gritty 
 
low                      high 
 
___________________________________________________________________ 
 
 
Astringent 
 
low                      high 
 
___________________________________________________________________ 
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FLAVOUR 
 
Berry 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Caramel 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Earthy 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Fermented 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Floral 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Fruity 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Green 
 
no taste                very strong taste 
 
___________________________________________________________________ 
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Sweet 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Sour 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
AFTERTASTE 
 
Berry 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Caramel 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Earthy 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Fermented 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Floral 
 
no taste                very strong taste 
 
___________________________________________________________________ 
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Fruity 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Green 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Sweet 
 
no taste                very strong taste 
 
___________________________________________________________________ 
 
 
Sour 
 
no taste                very strong taste 
 
___________________________________________________________________ 
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Appendix I. Strawberry Consumer Hedonic general Labelled Magnitude Scale 
(HgLMS) Questionnaire 
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Liking Questionnaire 
 
a) Rate your liking of sample 639 in the context of the strongest imaginable like and dislike you can think of.  
 
 
 
 
        
 
 
 
b) Rate your liking of sample 802 in the context of the strongest imaginable like and dislike you can think of.  
 
 
 
 
 
 
 
c) Rate your liking of sample 417 in the context of the strongest imaginable like and dislike you can think of.  
   
        
 
Very 
strong 
Strongest  
imaginable 
dislike 
Strongest  
imaginable 
like 
Very 
strong 
Strong Strong 
Moderate Moderate 
Weak Weak 
Neutral 
Increasing Dislike Increasing like 
Very 
strong 
Strongest  
imaginable 
dislike 
Strongest  
imaginable 
like 
Very 
strong 
Strong Strong 
Moderate Moderate 
Weak Weak 
Neutral 
Very 
strong 
Strongest  
imaginable 
dislike 
Strongest  
imaginable 
like 
Very 
strong 
Strong Strong 
Moderate Moderate 
Weak Weak 
Neutral 
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d) Rate your liking of sample 549 in the context of the strongest imaginable like and dislike you can think of.  
 
 
 
 
 
 
 
e) Rate your liking of sample 117 in the context of the strongest imaginable like and dislike you can think of.  
 
 
 
 
        
 
 
 
 
f) Rate your liking of sample 625 in the context of the strongest imaginable like and dislike you can think of.  
 
 
 
Very 
strong 
Strongest  
imaginable 
dislike 
Strongest  
imaginable 
like 
Very 
strong 
Strong Strong 
Moderate Moderate 
Weak Weak 
Neutral 
Very 
strong 
Strongest  
imaginable 
dislike 
Strongest  
imaginable 
like 
Very 
strong 
Strong Strong 
Moderate Moderate 
Weak Weak 
Neutral 
Increasing Dislike Increasing like 
Very 
strong 
Strongest  
imaginable 
dislike 
Strongest  
imaginable 
like 
Very 
strong 
Strong Strong 
Moderate Moderate 
Weak Weak 
Neutral 
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Appendix J. Consumer Check All That Apply (CATA) Questionnaire 
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Check All That Apply (CATA) Questionnaire 
 
a) Tick all the words that apply for how you would describe sample 403: 
 
□ Apple □ Fruity 
□ Astringent □ Grape 
□ Berry □ Green 
□ Candy □ Juicy 
□ Caramel □ Seedy 
□ Citrus □ Soft 
□ Earthy □ Sour 
□ Firm □ Sweet 
□ Floral   
 
 
b) Tick all the words that apply for how you would describe sample 951: 
 
□ Apple □ Fruity 
□ Astringent □ Grape 
□ Berry □ Green 
□ Candy □ Juicy 
□ Caramel □ Seedy 
□ Citrus □ Soft 
□ Earthy □ Sour 
□ Firm □ Sweet 
□ Floral   
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Appendix K. Temporal Dominance of Sensations (TDS) Questionnaire – 
Compusense Script 
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Temporal Dominance of Sensations (TDS) Questionnaire 
 
 
After placing sample 148 in your mouth, please select the dominant attribute from 
below and rate its intensity on the scale provided. (You will be prompted to swallow 
the sample after 20 seconds.) Repeat this process continuously until all sensations 
end after swallowing.  
 
 
Sweet 
 
no sensation       very strong sensation 
 
___________________________________________________________________ 
 
 
 
Sour 
 
no sensation       very strong sensation 
 
___________________________________________________________________ 
 
 
 
Berry 
 
no sensation       very strong sensation 
 
___________________________________________________________________ 
 
 
 
Fruity 
 
no sensation       very strong sensation 
 
___________________________________________________________________ 
 
 
 
Green 
 
no sensation       very strong sensation 
 
___________________________________________________________________ 
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Appendix L: Summary of strawberry flavour descriptors cited in the literature 
and their associated chemicals 
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Aroma Chemical Source 
Sweet linalool 
ethyl butanoate 
 
2-methylbutanoic acid 
2,5-dimethyl-4-hydroxy-3(2H)-furanone 
 
2,5-dimethyl-4-methoxy-3(2H)-furanone 
methyl 2-methylbutanoate 
geraniol (3,7-dimethylocta-2,6-dien-1-ol) 
γ-decalactone 
ethyl hexanoate 
methyl octanoate 
propyl butanoate 
ethyl 2-methylbutanoate 
sucrose 
eugenol 
methyl butyrate 
2-methylbutyric acid 
d-hexalactone 
methyl 2-methylbutanoate 
ethyl dihydrocinnamate 
Ahroni et al 2004 (Aharoni et al., 2004) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Du et al 2011 (Du et al., 2011) 
Petka et al 2012 (Pet'ka, Leitner, & 
Baskaran, 2012) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Kovachevic et al 2008 (Kovačević et al., 
2008) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Sour hexanal 
2-methylbutanoic acid 
 
butanoic acid 
citric acid 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Kovachevic et al 2008 (Kovačević et al., 
2008) 
Apple nerolidol 
ethyl butanoate 
butyl acetate 
hexyl acetate 
methyl butanoate 
ethyl 3-methylbutanoate 
2-methylbutyl butanoate 
methyl 3-methylbutanoate 
trans-2-Hexenal 
Ahroni et al 2004 (Aharoni et al., 2004) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Petka et al 2012 (Pet'ka et al., 2012) 
Apple peel hexyl hexanoate  Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Applesauce β-Damascenone Schulbach et al 2004 (Schulbach et al., 
2004) 
Banana isoamyl acetate 
hexyl acetate 
 
butyl acetate 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Berry geraniol (3,7-dimethylocta-2,6-dien-1-ol) Du et al 2011 (Du et al., 2011) 
Burnt trans-2-hexenol 
2,5-dimethyl-4-hydroxy-3(2H)-furanone 
 
2,5-dimethyl-4-methoxy-3(2H)-furanone 
3-[2-(Acetoxy)ethyl]-dihydro-2(3H)-furanone 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Petka et al 2012 (Pet'ka et al., 
2012) 
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γ-hexalactone Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Buttery diacetyl Booth et al 2010 (Booth, Kendal-Reed, & 
Freeman, 2010) 
Cabbage methyl thiobutanoate Du et al 2011 (Du et al., 2011) 
Candy ethyl maltol 
2,5-dimethyl-4-hydroxy-3(2H)-furanone 
Civille et al (Civille & Oftedal, 2012) 
Du et al 2011 (Du et al., 2011) 
Caramel 2,5-dimethyl-4-hydroxy-3(2H)-furanone 
 
 
2,5-dimethyl-4-methoxy-3(2H)-furanone 
maltol 
methyl 2-hydroxy-3-methylpentanoate 
3-[2-(Acetoxy)ethyl]-dihydro-2(3H)-furanone 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Klein et al 2007 (Klein, Fink, Arold, 
Eisenreich, & Schwab, 2007) Petka et al 
2012 (Pet'ka et al., 2012) Schulbach et al 
2004 (Schulbach et al., 2004) Du et al 
2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) Petka et al 
2012 (Pet'ka et al., 2012) 
Booth et al 2010 (Booth et al., 2010) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Cheesy methyl butanoate 
ethyl butanoate 
butanoic acid 
methyl thioacetate 
methyl thiobutanoate 
hexanoic acid 
2-methylbutanoic acid 
2-Methylbutyric acid 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Petka et al 2012 (Pet'ka et al., 2012) 
Chemical 1-octanol  Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Cherry E-2 hexenal Schulbach et al 2004 (Schulbach et al., 
2004) 
Citrus linalool Ahroni et al 2004 (Aharoni et al., 2004) Du 
et al 2011 (Du et al., 2011) 
Clove eugenol Petka et al 2012 (Pet'ka et al., 2012) 
Cut grass hexanal Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Dried plum b-Damascenone Petka et al 2012 (Pet'ka et al., 2012) 
Earthy 1-octen-3-ol Kovachevic et al 2008 (Kovačević et al., 
2008) 
Exotic 3-mercaptohexyl acetate 
methyl eugenol 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Floral linalool 
geraniol 
eugenol 
1-Octen-3-ol 
Ahroni et al 2004 (Aharoni et al., 2004) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Flowery methyl anthranilate 
benzyl acetate 
chavicol 
Ulrich? 
Kovachevic et al 2008 (Kovačević et al., 
2008) 
Petka et al 2012 (Pet'ka et al., 2012) 
Flowers linalool Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Fresh isopropyl hexanoate  Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Fresh cucumber cis, trans-2,6-nonadienal Du et al 2011 (Du et al., 2011) 
Fruity methyl butanoate 
 
ethyl butanoate 
 
 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Nuzzi et al 2008 (Nuzzi, Scalzo, 
Testoni, & Rizzolo, 2008) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Du et al 2011 (Du et al., 2011) 
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trans-2-hexenol 
methyl hexanoate 
 
ethyl hexanoate 
 
2-methylbutanoic acid 
methyl 2-methylbutanoate 
linalool  
ethyl 3-methylbutanoate 
2-methylbutyl butanoate 
butyl acetate 
hexyl acetate 
propyl butanoate 
methyl 3-methylbutanoate 
ethyl 2-methylbutanoate 
γ-undecalactone  
Ethyl phenyl acetate 
D-Limonene 
Citral 
ethyl 2-methylbutanoate 
hexyl acetate 
methyl butyrate 
 
2,5-dimethyl-4-hydroxy-3(2H)-furanone methyl 
2-hydroxy-3-methylpentanoate 
methyl 2-methylbutanoate 
γ-hexalactone 
β-damascenone 
Ethyl dihydrocinnamate 
Me-2-me butyrate 
Ethyl butyrate 
Petka et al 2012 (Pet'ka et al., 2012) 
Nuzzi et al 2008 (Nuzzi et al., 2008) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) Schulbach 
et al 2004 (Schulbach et al., 2004) Nuzzi 
et al 2008 (Nuzzi et al., 2008) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Kovachevic et al 2008 (Kovačević et al., 
2008) 
Kovachevic et al 2008 (Kovačević et al., 
2008) 
Kovachevic et al 2008 (Kovačević et al., 
2008) 
Kovachevic et al 2008 (Kovačević et al., 
2008) 
Nuzzi et al 2008 (Nuzzi et al., 2008) 
Nuzzi et al 2008 (Nuzzi et al., 2008) 
Petka et al 2012 (Pet'ka et al., 2012) 
Schulbach et al 2004 (Schulbach et al., 
2004) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Schulbach et al 2004 (Schulbach et al., 
2004) 
Schulbach et al 2004 (Schulbach et al., 
2004) 
Grape ethyl acetate Du et al 2011 (Du et al., 2011) 
Grassy cis-2-hexenal Du et al 2011 (Du et al., 2011) 
Green nerolidol 
hexanal 
 
trans-2-hexenal 
 
trans-2-hexenol 
cis,trans-2,6-nonadienal 
cis-3-hexen-1-ol 
3-mercaptohexyl acetate 
γ-hexalactone 
methyl eugenol 
Ahroni et al 2004 (Aharoni et al., 2004) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Du et al 2011 (Du et al., 2011) 
Schulbach et al 2004 (Schulbach et al., 
2004) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Petka et al 2012 (Pet'ka et al., 
2012) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Du et al 2011 (Du et al., 2011) 
Kovachevic et al 2008 (Kovačević et al., 
2008) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Green apple methyl 2-methylbutanoate Du et al 2011 (Du et al., 2011) 
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hexyl acetate 
acetaldehyde 
ethyl 2-methylbutanoate 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Green banana cis-3-hexenyl acetate Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Lemon Linalool Schulbach et al 2004 (Schulbach et al., 
2004) 
Lemon peel linalool Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Mango 3-mercaptohexyl acetate Petka et al 2012 (Pet'ka et al., 2012) 
Medicinal Methyl anthranilate 
Ethyl dihydrocinnamate 
Guaiacol 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Mushroom 1-octen-3-ol  Du et al 2011 (Du et al., 2011) 
Onion dimethyl disulfide  Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Orange methyl octanoate Du et al 2011 (Du et al., 2011) 
Peach γ-decalactone 
γ-Decalactone  
γ-Dodecalactone 
Du et al 2011 (Du et al., 2011) 
Schulbach et al 2004 (Schulbach et al., 
2004) 
Schulbach et al 2004 (Schulbach et al., 
2004) 
Pear butyl acetate 
hexyl acetate 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Perfume chavicol 
Ethyl dihydrocinnamate 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Pineapple propyl butanoate 
 
methyl hexanoate 
 
ethyl butanoate 
ethyl 3-methylbutanoate 
ethyl hexanoate 
methyl 3-methylbutanoate 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Du et al 2011 (Du et al., 2011) 
Azodanlou et al 2003 (Azodanlou et al., 
2003) Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Du et al 2011 (Du et al., 2011) 
Pungent isopropyl butanoate  
cis-2-hexenal 
Azodanlou et al 2003 (Azodanlou et al., 
2003) 
Du et al 2011 (Du et al., 2011) 
Rose nerolidol 
eugenol 
Ahroni et al 2004 (Aharoni et al., 2004) 
Petka et al 2012 (Pet'ka et al., 2012) 
Spicy methyl anthranilate 
2-methylbutyl butanoate 
Ulrich? 
Du et al 2011 (Du et al., 2011) 
Strawberry 
aroma 
ethyl butanoate  
linalool 
γ-dodecalactone 
mesifuran 
methyl eugenol 
Kovachevic et al 2008 (Kovačević et al., 
2008) 
Nuzzi et al 2008 (Nuzzi et al., 2008) 
Nuzzi et al 2008 (Nuzzi et al., 2008) 
Petka et al 2012 (Pet'ka et al., 2012) 
Petka et al 2012 (Pet'ka et al., 2012) 
Turpentine like α-pinene 
β-phellandrene 
Ahroni et al 2004 (Aharoni et al., 2004) 
Ahroni et al 2004 (Aharoni et al., 2004) 
Woody α-pinene 
β-phellandrene 
Ahroni et al 2004 (Aharoni et al., 2004) 
Ahroni et al 2004 (Aharoni et al., 2004) 
Vanilla 2-methylbutyric acid Petka et al 2012 (Pet'ka et al., 2012) 
 
 
